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Abstract 
Pedestrian safety is a critical issue in Ethiopia. Reports show that 50 to 60% of traffic 
fatality victims in the country are pedestrians (WHO, 2013a; 2009). The main problem in 
analyse pedestrian crashes and determining risk to address this issue is analyse it and 
determining risk. In recent years, there has been increased interest in measuring pedestrian 
exposure to risk in transportation research in order to understand the risk and propose 
remedial measures. Despite this, little has been done to understand pedestrian exposure and 
risk factors of crashes with pedestrians in developing countries, particularly in Ethiopia. The 
primary aim of this research is to examine the possible causes of and contributing factors to 
crashes with pedestrians in Ethiopia, and improve pedestrian safety by recommending 
possible countermeasures. The secondary aim is to develop appropriate pedestrian crash 
models for two-way two-lane rural roads and roundabouts in the capital city of Ethiopia.  
 This research uses quantitative methods throughout the process of the investigation. 
The sampling technique applied to this study is convenience sampling approach, which was 
chosen in order to save costs and time. First, 41,595 national road traffic crash data points 
over a six year period were collected and characterised based on descriptive statistics. Then, 
18 two-way, two-lane road segments and 22 roundabouts from Ethiopia’s road network were 
taken as samples to develop safety performance functions on two-way two-lane roads and 
modern roundabouts, respectively. Road design data, traffic data, site characteristics and 
crash data were collected from these sample roads. In addition, data on 6,208 pedestrian 
injury crashes were collected to diagnose pedestrian injury severity in Addis Ababa. The 
research has applied various statistical methods such as descriptive statistics, the mixed logit 
model, random effect Poisson regression, random effect negative binomial regression and 
random parameter negative binomial regression. 
The research identified the relevant factors affecting pedestrian safety in a developing 
country. These include inadequate visibility, illegal crossing, alcohol intoxication while 
driving and walking, pedestrian fatigue, institutional capacity, walking along the roadway, 
socio-economic factors, poor transport and land use planning, population growth, lack of road 
safety education, high annual growth of motorization, the proportion of two- and three 
wheelers in the traffic mix, and poor enforcement of traffic regulation. The results from this 
study also suggest that more than fifty percent of fatalities in Ethiopia involve pedestrians. 
The majority of the crashes occur in daytime and most of the time involve Ethiopia’s active 
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workforce. Crashes frequently occur in mid-block sections, two-way two-lane and paved 
roads. Trucks, buses and minibus taxis were involved in the majority of crashes, while 
automobiles (passenger vehicles) were less involved in crashes relative to other vehicle types. 
The modelling results show that higher pedestrian crash severities were associated with 
increasing pedestrian age, male pedestrians, trucks, travel speed over 60 km/h, casual drivers, 
less educated and less experienced drivers, nighttime and weekend crashes, and areas with 
high income inhabitants and residential land uses. The pedestrian crash prediction model on 
two-way two-lane roads identified an exposure variable and risk factors for pedestrian 
crashes. The exposure variable was the log of the product of the average daily pedestrian 
crossing volume and the AADT in the model. Narrow lane width and mountainous terrain 
road sections were found to be positively associated with expected pedestrian crashes on this 
road type. Similarly, the model developed for modern roundabouts in Addis Ababa suggested 
that the product of major and minor AADT and the average daily pedestrian crossing volume 
could be used as exposure variables for pedestrian crashes. Moreover, the presence of a 
terminal and maximum approach road gradient contributed to the deterioration of pedestrian 
safety at roundabouts. In contrast, the presence of a school within a 100 meter radius and the 
presence of raised medians or islands on the approach road were found to be positively 
associated with pedestrian safety. Thus, the models developed in this research have many 
viable applications including the identification of critical factors that influence the estimation 
of expected pedestrian crash frequency. 
The results of this research support the idea that influencing highway geometric 
characteristics and site features (spatial variables) could improve pedestrian safety in Ethiopia 
as well as other developing countries. Moreover, policies and strategies (i.e. improving crash 
database, enforcing speed limits and drink driving law, improving road design practices 
etc…) are needed to safeguard pedestrians as they are the majority component of the road 
users in developing countries. 
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CHAPTER 1- INTRODUCTION 
 
1.1 Background 
This research focuses on pedestrian crashes in Ethiopia. Ethiopia is located in the 
Eastern part of Africa and its capital city, Addis Ababa, is located around 9°2” N and 
38°44’E (Wikipedia, 2015). Ethiopia is a landlocked country with an area of 1,104,300 sq 
km. Currently, the country’s total population is almost 94 million (Central Intelligence 
Agency, 2013). The annual population growth rate is 2.9% (Central Intelligence Agency, 
2013) and the population is expected to rise to 228 million by 2050 (United States Census 
Bureau, 2013). The proportion of the population in urban and rural areas are 17% and 83% 
respectively (Central Intelligence Agency, 2013). The country’s economy is based on 
agriculture, which constitutes 85% of employment, and contributes to 45% of Gross 
Domestic Product (GDP). The economic growth rate has been above 11% for the last 9 years 
(United Nations Economic Commission for Africa, 2013). Although the GDP has grown at a 
high rate, the country‘s per capita income remains among the lowest in the world (Central 
Intelligence Agency, 2013). 
 
 
Figure 1- 1: Map of Ethiopia including Regional States 
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In Ethiopia, the road infrastructure network is poor, even when compared with other 
developing countries. However, the total road network has greatly increased since 1997. 
According to the Roads Sector Development Program (RSDP) assessment report (Ethiopian 
Roads Authority, 2013) in 1997, the total road network in the country was 26,550 km, with a 
road density of 24.14 km per thousand square kilometres and 0.46 km per thousand 
population (see Table 1-1). 16 years later, in 2013, the network had significantly increased 
and reached 85,966 km, with an average increment of 7.9% per annum. The rapid increase 
since in the road network has been achieved through the introduction of low volume road 
construction through the African Community Access Program launched in the same year (see 
Table 1-1). Recently, the government has announced plans to construct 71,523 km of low 
volume roads within 5 years (from 2011-2015) under the African Community Access 
Program (Ethiopian Roads Authority, 2013). The program is financed by the Ethiopian 
government and international donor agencies. During the last 3 years, 50% of the planned 
projects have been constructed under this program and the rest will be executed within the 
next 2 years. This rate of progress promises that all of the planned roads will definitely be 
built. In contrast, econometrics measurements have indicated that road density increases 
relatively more in urban areas than in the rural part of Ethiopia. The current road density is 
78.20 km per thousand square kilometres and 1.0 km per thousand population (Ethiopian 
Roads Authority, 2013). In contrast, the average road density in low income countries around 
the world was estimated to be 110 km/1000 sq.km (Ethiopian Roads Authority, 2013). 
Similarly, Gwiliam et al. (2008) stated that most of Africa has fairly low road density 
compared to other parts of the world. Thus, the comparison road density indicates that the 
Ethiopian road density remains very low compared to other low income countries, even 
though tremendous improvements have been achieved in recent years. Another important 
measurement is the accessibility of roads. In 2011, the average distance from the road 
network in the country was reduced from 21.4 km to 6 km for all weather roads (Ethiopian 
Roads Authority, 2013; Shiferaw, Söderbom, Siba, & Alemu, 2013). This has been a 
landmark in the development of the road network in the country.  
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Table 1-1: Change in Road Network and Density in Ethiopia (1997-2013) (Ethiopian Roads 
Authority, 2013) 
Year   Road network in km Growth 
Rate (%) 
Road 
Density km 
/1000 popn 
Road 
density km 
/1000sq. km 
Asphalt 
Roads 
Gravel 
roads 
Rural 
roads 
Wereda* Total 
1997 3708 12162 10680  26550  0.46 24.14 
1998 3760 12240 11737  27737 4.5 0.46 25.22 
1999 3812 12250 12600  28662 3.3 0.47 26.06 
2000 3824 12250 15480  31554 10.1 0.50 28.69 
2001 3924 12467 16480  32871 4.2 0.50 29.88 
2002 4053 12564 16680  33297 1.3 0.49 30.27 
2003 4362 12340 17154  33856 1.7 0.49 30.78 
2004 4635 13905 17956  36496 7.8 0.51 33.18 
2005 4972 13640 18406  37018 1.4 0.51 33.60 
2006 5002 14311 20164  39477 6.6 0.53 35.89 
2007 5452 14628 22349  42429 7.5 0.55 38.60 
2008 6066 14363 23930  44359 4.5 0.56 40.30 
2009 6938 14234 25,640  46812 5.5 0.57 42.60 
2010 7476 14373 26944  48793 4.2 0.58 44.39 
2011 8295 14136 30712 854 53997 10.7 0.66 49.09 
2012 9875 14675 31550 6983 63083 16.8 0.75 57.3 
2013 11301 14455 32582 27628 85966 36.3 1.0 78.20 
% 13.15 16.81 37.90 32.40 100    
Average road network growth in % 7.9   
Source: Road Sector Development Program Performance: 16 Years Assessment, Ethiopian Roads Authority, December2013. 
*Universal Rural Road Access Program (URRAP): launched to connect all rural communities by all-weather road. Wereda: an Amharic word to denote county 
or lowest level of state administration  
 
There are also great progresses in the condition of road network in the country. The 
rating of roads in good condition was 22% of the road network in 1997; however, this 
proportion rose to 70% in 2013. The changes in quality improvements of road conditions 
from 1997 and 2013 are illustrated in Figure 1-2. 
 
 
Figure 1- 2: The Improvement in Quality of Road Conditions in the Last 16 years 
 
 
The vehicle population was 480,927 in 2012/13 (Ethiopian Transport Authority, 
2013), which represents the total number of vehicles that were inspected and allowed to 
0
10
20
30
40
50
60
70
80
1995 2000 2005 2010 2015
P
er
ce
n
ta
g
e
 o
f 
q
u
a
li
ty
 o
f 
ro
a
d
 c
o
n
d
it
io
n
 
year 
Good
Fair
Poor
4 
 
operate in the fiscal year 2012/13 (2005 Ethiopian Calendar)). The distribution of vehicle 
types is indicated in Table 1-2. Ethiopia has the worst record in fatalities per ten thousand 
motor vehicles in the world, with the limited road infrastructure and vehicle population 
usually resulting in more than 68 fatalities per ten thousand vehicles (WHO, 2013a). 
 
Table 1-2: Vehicle Population by Types in Ethiopia 2012-2013 (2005 E.C.) (Ethiopian 
Transport Authority, 2013) 
Three 
Wheelers& 
Motor- 
cycles 
Auto- 
mobiles 
4WDs Mini 
Buses 
and 
Large 
Buses 
Small 
& 
Large 
Vans 
Small 
Trucks 
Medium 
& Heavy 
Trucks & 
Other 
Trucks 
Semi-
Trailers 
& Trucks 
with 
Trailers 
Total 
 
13,605 104,778 49,546 27,734 1,152 2,402 68, 003 13,707 480,927 
Source: Ethiopian Transport Authority, Annual report for Year 2012/13 (Ethiopian Transport Authority, 2013) 
†E.C.: Ethiopian Calendar (2012/13 is July 2012 to June 2013, i.e. the Ethiopian year 2005) 
 
Road safety has only recently been considered by government as a major social 
responsibility. A key decision to focus on road traffic crashes was made as part of the Road 
Sector Development Program I in 2001, which was undertaken by the Ethiopian Roads 
Authority with the objective of improving and upgrading existing roads and restoring the 
road network to acceptable conditions. In 2001, a study was undertaken on road safety 
programs in Ethiopia for the first time (Transport Research Laboratory and Ross Silcock 
Partnership, 2001). Three main problems were addressed: organisation of road safety 
programs, sustainability of financing of road safety programs and interventions, and the lack 
of technical skills to improve the road safety situation of the country (Transport Research 
Laboratory and Ross Silcock Partnership, 2001). In response to the findings, some 
responsible bodies for road safety have been formed within the government such as National 
Road Safety Council and Road Safety Committees in regional administration. Increased 
efforts have been made to reverse the situation of road traffic crashes in the country; 
however, it is clear that road safety is at the infant stage in Ethiopia. 
 
1.2 Problem Statement 
Every year, more than 1.2 million people die in road crashes around the world and 
about 50 million are injured (WHO, 2009). The majority of these deaths, over 90%, occur in 
developing countries. Seventy percent of the deaths involve vulnerable road users, with 35% 
of pedestrian deaths being children (WHO, 2009). According to Naci, Chisholm and Baker 
(2009), pedestrian fatalities are estimated to total more than 400,000 per year, out of which 
55.3% and 39.2% occur in low income and middle income countries respectively. The other 
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5.5% of pedestrian fatalities are in high income countries. Thus, pedestrian fatalities comprise 
a significant proportion of road traffic deaths, which is why the World Health Organization 
(WHO) called for a global focus on vulnerable road users, particularly in low and middle 
income countries (WHO, 2009). 
 
In the case of Africa, the problem of road safety is more complicated. The African 
region is known for having the highest numbers of fatalities compared to other regions 
around the world (see Table 1-3). Young men are overrepresented in road user crashes, as are 
vulnerable road users, in particular, pedestrians and drivers riding on 2 and 3-wheelers 
(WHO, 2013a). Most countries in Africa have insufficient policies and strategies to protect 
vulnerable road users. Furthermore, enforcement on major risk factors like speed control, 
alcohol impaired driving, child restraints, and seat belt and helmet use is not yet common in 
the majority of countries of this region. In addition to these, there is rarely traffic law 
enforcement traffic regulation and post-crash treatment in most counties in the region (WHO, 
2013a). Thus, the complexity of road safety in the region requires consolidated efforts to 
strengthen pedestrian safety, emergency medical services, enforcement of traffic laws, and 
the capturing of quality crash data. 
 
Although the mobility of people and motorisation has increased in Ethiopia due to the 
economic advancement achieved in recent years; the adverse consequences of pedestrian 
crashes have become a more apparent problem. As a developing country, the problem of 
pedestrian crashes is severe. For instance, 1,296 pedestrians were killed and 3,003 pedestrians 
were injured during 2008/09 (2001 Ethiopian Calendar [E.C.]) in Ethiopia (Federal Police 
Commission of Ethiopia, 2010). Moreover, fatal crashes involving pedestrians comprised 
50% of the total fatal crashes in the country and 35% of the injuries. According to the World 
Health Organization (2009), pedestrian fatal crashes accounted for 55% of deaths that 
occurred amongst road users in 2007. It is apparent that countries with low proportions of 
vehicles have high crash fatalities, whereas the fact that most of these are pedestrian fatalities 
is not paradoxical. 
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Table 1-3: Proportion of Regional Population, Road Deaths, and Registered Vehicle around 
the World (WHO, 2013a) 
Regions Population  Vehicles Road Deaths  
African Region 12% 2% 16% 
American Region 14% 27% 12% 
Eastern Mediterranean Region  9% 4% 10% 
European Region 13% 26% 8% 
South East Asian Regions 26% 15% 27% 
Western Pacific Region 26% 26% 27% 
Total  100% 100% 100% 
 
The dominant mode of transportation in third world countries is different than in 
affluent countries. The major mode of transport in the former is walking and non-motorised 
means of transport (Rietveld, 2001). The main reason for this is financial hardship, as the 
traditional modes of transportation tend to be cheaper. However, road agencies usually give 
more attention to the construction of facilities for motorised rather than non-motorised traffic. 
This implies that the Road Authority gives more attention to the construction of roadway 
networks, even though walking as a mode of transportation accounts for 70% of all trips and 
60% of modal share in the city (Gwilliam, 2011; Pendakur, 2005). Thus, it appears that 
policy makers and professionals neglect the importance of walking as a mode of 
transportation in Ethiopia, even though it is the dominant mode used by citizens.  
 
Planning for the safety of pedestrians in the road system requires an understanding of 
the relationships between crash risk and pedestrian volumes, vehicle volumes, network 
features and road characteristics; however existing approaches either neglect some factors or 
have not proven to be valid when applied. Elvik (2009) argues that the higher the volume of 
pedestrians, the lower the individual risk of exposure to crashes. Similarly, Robinson (2005) 
stated that crash risk per pedestrian was found to be lower in cities, where a higher 
percentage of the population were pedestrians.  
 
However, the actual number of pedestrian crashes in Ethiopia is high, while vehicle 
ownership and road infrastructure are limited. The occurrence of pedestrian crashes in 
Ethiopia has many contributing factors. From casual observation, some reasons for a high 
number of pedestrian fatalities and injuries could be attributed to driver and pedestrian 
behavioural and environmental factors. These factors include narrow road width, absence of 
median and pedestrian refuge island, limited capacity of footpaths or no footpath, pedestrian 
distraction (talking on a mobile phone, and listening to music using earphones), not paying 
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attention when crossing the roadway, vehicle speeding, and lack of separation of pedestrians 
from motor vehicles in both time and space. As a consequence of these pedestrian crash 
factors, pedestrian injuries remain one of the most serious health, economic and social issues 
in the country. 
 
Fatality statistics were provided above; however non-fatal injuries are also of interest. 
Crash statistics from 2005 through 2013 shows that pedestrian injuries accounted for 44% of 
the total road traffic injuries (fatal, serious, and slight) in the country, as depicted in Table 1-
4. The pedestrian crash reports revealed that pedestrian injuries (fatal, serious, and slight 
injuries) accounted for nearly 50% of total road traffic crashes from 2003 through 2007 
(National Road Safety Coordinating Office, 2011). Similarly, a study indicated that 
pedestrian injuries accounted for 85% of the total road traffic crashes in the city of Addis 
Ababa (Downing et al., 2000). Thus, pedestrian fatalities and injuries are a major health 
problem in the country. 
 
Most of the time, everywhere in Ethiopia, pedestrians walk along the roadway and 
cross the road illegally (fully or partially access controlled roads). For instance, pedestrians 
use the same roadway space in many places in the country. They walk shoulder to shoulder 
with motorized traffic in most parts of Addis Ababa, particularly in areas such as; Merkato, 
Shiromeda, Kasanchis, Megenagna, Mexico, Saris, Kera, Arat Kilo, Saris, Kera, Ayertena, 
etc. The roads in these areas are either narrow road without provision of footpaths or 
insufficient footpath capacity as compared to the demand of pedestrians. WHO (2013b) 
confirmed that about 88% of the road network in developing countries, including Ethiopia, 
are constructed without pedestrian footpaths. On top of that, per design practice in Ethiopia, 
the roadway widths are often seven meters or less that does not have a provision for median 
and footpaths. Also, most of the road networks in the country are two-way two-lane roads. 
Finally, based on observation of the road environment in the country, it would be safe to 
conclude that speeding, absence of median and pedestrian refuge island, walking along 
roadway, illegal crossing and narrow roadway width might have significantly contributed to 
the increase in pedestrian risks to crashes. 
  
8 
 
Table 1-4: Total Injuries by Road User Types in Ethiopia (Federal Police Commission of 
Ethiopia, 2013) 
Description 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total 
for 
 Five 
years 
Drivers 839 874 934 881 1247 693 586 1255 877 8186 
Passengers 4919 5739 6344 4155 5556 3751 4605 5815 7479 48363 
Pedestrians 5315 5300 4792 4265 4299 4175 5446 5327 5518 44437 
Total 11073 11913 12070 9301 11102 8619 10637 12397 13874 100986 
Source: Federal Police of Ethiopia, Statistics Division, Addis Ababa, Ethiopia (2013). 
Crash reporting period in Ethiopia is practiced from July 1-June 30 each year. 
 
The distribution of road crashes reflects the clustering of regional administrations in 
the central part of Ethiopia, which is more motorised and commercialised and has more 
developed land. The high variation in number of road traffic crashes between regions is 
because the regional states have significant differences in urban development, land use, and 
economic importance According to the Federal Police of Ethiopia crash report, which 
provides a breakdown by region, the regions of Oromia, Addis Ababa City, and Amhara 
(Table 1-5) had the highest numbers of injury crashes in 2012/13, contributing 25.3%, 23.4%, 
and 22.2% of injury crashes, respectively (Federal Police Commission of Ethiopia, 2013). 
 
Table 1- 5: Injury Crash Distribution by Regional States in Ethiopia for 2012/2013 (2005 
E.C.) (Federal Police Commission of Ethiopia, 2013) 
Regional 
State 
Government 
Fatal Serious Injury Slight Injury Total Injury Crashes 
Male  Female  Male  Female  Male  Female  Male  Female  Total % 
Tigray 189 11 272 144 201 160 662 418 1080 8.7 
Afar 48 7 77 25 51 9 176 41 217 1.8 
Amhara 531 157 535 222 1043 261 2109 640 2749 22.2 
Oromia 856 374 633 216 889 171 2378 761 3139 25.3 
Somali 58 14 81 23 50 14 189 51 240 1.9 
Benishangul 11 13 49 32 81 24 141 69 210 1.7 
Debub People 225 53 314 89 471 116 1010 258 1268 10.2 
Gambela 14 10 27 25 35 27 76 62 138 1.1 
Harar 23 3 22 12 66 10 111 25 136 1.1 
Addis Ababa 333 78 1030 406 773 275 2136 759 2895 23.4 
Dire Dawa 17 4 63 36 126 79 206 119 325 2.6 
Total 2,305 827 3103 1230 3786 1146 9194 3203 12397 100 
Source: Federal Police of Ethiopia, Statistics Division, Addis Ababa, Ethiopia  
 
In general, pedestrian fatalities and injuries are expected to increase in the near future 
when considering the growth in the economy, population and level of motorisation in the 
country. Although population-based fatality rates are declining, pedestrian safety remains an 
important concern for engineers and behavioural scientists, who need to focus on the 
potential to enhance pedestrian safety through providing sustainable road facilities and 
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improving road users’ behaviour. Pedestrian fatalities and injuries are, and will be, a 
significant part of total road traffic crashes in the country unless interventions are made to 
halt or reverse the current situation of pedestrian safety. 
 
In summary, pedestrian injuries are a critical health, economic and social problem in 
Ethiopia. Road traffic crashes are more clustered in the central parts of the country, and 
pedestrian injuries usually occur more in urban areas. Similarly, urban environment 
pedestrian deaths accounted for 55-70% of total fatalities in developing countries (Nantulya 
& Reich, 2002). This implies that pedestrian injuries are more common in urban 
environments or built-up areas. Ensuring the safety of pedestrians in Addis Ababa at a time of 
rapid motorisation and infrastructure development requires an understanding of the 
relationships between pertinent road, vehicle and user factors. This research will adopt a 
structured approach to the development of models which capture these relationships, and 
which can be used to plan for a safer road environment for pedestrians. 
 
1.3 Research Aims and Objectives 
1.3.1 Introduction 
This research is focused on understanding the factors that contribute to pedestrian 
crash risk, which entails a consideration of how (and how much) pedestrians are exposed to 
the probability of death or injury, i.e. their “exposure”. Exposure is a fundamental concept to 
crash investigation, and pedestrian exposure is therefore an important variable in 
understanding pedestrian crash risk. The analysis of pedestrian crash risk depends on 
exposure, probability and outcome (Austroads, 2009). Pedestrian exposure is one of the 
explanatory variables in modelling to explain pedestrian crashes. In other words, pedestrian 
exposure helps in the identification of the causes and contributing factors to pedestrian 
crashes, and the development of a pedestrian injuries prediction model is facilitated. 
Acquiring pedestrian exposure data or pedestrian volume, however, is problematic and 
requires considerable cost and time (Lam, Yao & Loo, 2014). 
 
The problem of exposure is that there is no single best way of measuring it. This is 
because pedestrian route choices are complex. Pedestrians can change their route abruptly 
and may not use a defined path or route like motorised traffic. In addition, such problems 
may be aggravated in Ethiopia and developing countries, as well-defined pedestrian facilities 
are scarce in their road networks (Tulu, Washington, et al., 2013; WHO, 2013a). Moreover, 
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pedestrian behaviour towards traffic regulation is another problem in defining appropriate 
exposure metrics. Currently, there are a number of pedestrian exposure metrics in practice; 
however, none of them has been widely used.  
 
1.3.2 Research Aims and Objectives 
The primary aim of this research is to examine the possible causes and contributing 
factors of pedestrian crashes in Ethiopia and to identify potential countermeasures to improve 
pedestrian safety. The secondary aim is to formulate appropriate pedestrian crash models for 
two-way two-lane rural roads and roundabouts in the capital city of Ethiopia. Finally, a third 
aim is to quantify pedestrian exposure in relative terms of pedestrian-crossing behavioural 
characteristics. These research aims are broken down into a number of research objectives. 
The research objectives include:  
 (i) Investigate the link between road environment factors and pedestrian crashes;  
(ii) Explore the causes of pedestrian injury severity in Addis Ababa; 
(iii) Investigate time variation of pedestrian injury crashes;  
(iv) Identify and examine the main predictors of pedestrian crashes; 
(v) Evaluate the contribution of land use to the occurrence of pedestrian crashes; 
(vi) Evaluate the contribution of demographic and socioeconomic characteristics 
of pedestrians for the occurrence of crashes;  
(vii) Examine pedestrian behaviour characteristics, like risk-taking behaviour, 
which influence pedestrian exposure to crashes; 
(viii) Enhance pedestrian safety measures through identifying possible remedial 
measures i.e. low cost engineering measures, polices and strategies, etc. 
 
The research develops pedestrian crash prediction models for roundabouts and two-
way two-lane roads to suit Ethiopia’s conditions. Two-way two-lane rural roads have lower 
safety performances than most other types of roads and have no provision of footpath; 
however, they make up a major proportion of the Ethiopian road networks, as the country is a 
developing country and road building focuses more on providing accessibility than mobility. 
Moreover, this type of road is found not only in countryside but also in big cities (e.g. in 
Addis Ababa). Development of models assist planners and designers select the safest and 
most economical parameters in their design of roadways and intersections. Using the models 
developed, the pedestrian road crashes for similar at-grade intersections and two-way two-
lane roads under operation can be estimated. 
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Roundabouts are a controlled type of unsignalised intersection and reduce conflict 
points significantly, depending on the number of legs exist. The safety performance of 
roundabouts might be good with respect to the reduction of serious injury and fatal crashes in 
developed countries (Bill, Qin, Chitturi & Noyce, 2011). The modern roundabouts in 
Ethiopia have been shown to have some problems in safety performance in general and in 
relation to pedestrian crashes; however, no study has been done to improve the safety 
performance of the roundabouts. 
 
1.4 Research Questions 
The main premise of this research is that the causes of pedestrian crashes and their 
potential countermeasures can be identified to mitigate pedestrian crashes in Ethiopia. This 
study will address the issue with several research questions that promise to provide a better 
insight into means of mitigating pedestrian crashes in Ethiopia. The main research questions 
are: 
1. How can pedestrian risk and exposure be measured in the unique developing 
country context?  
2. What are the possible causes of, and contributing factors to pedestrian crashes in 
Ethiopia?  
3. What are the possible solutions and the way forward to reduce pedestrian crashes in 
the country? 
These main research questions generate the following research sub-questions: 
 How should exposure be modelled to enable the prediction of pedestrian crash risk? 
 To what extent do road environment features contribute to pedestrian crashes in 
Ethiopia? 
 How do land use characteristics relate to pedestrian crashes? 
 What are the influencing factors of pedestrian injury severity in Addis Ababa?  
 When do pedestrian crashes occur? 
 What are the demographic and socioeconomic characteristics that positively or 
negatively contribute to pedestrian crashes? 
 How does pedestrian behaviour contribute to exposure?  
 What are the potential solutions to reduce the incidence of pedestrian crashes? 
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Table 1-6: Summary of Research Questions and Objectives 
No Research Questions  Objectives 
1 How should exposure be modelled to enable 
the prediction of pedestrian crash risk? 
  
Test various metrics of pedestrian exposure as 
predictors of crash risk 
2. To what extent do road environment features 
contribute to pedestrian crashes in Ethiopia? 
 
Investigate the link between road environment 
and pedestrian crashes 
3 How do land use planning relate to pedestrian 
crashes? 
 
Evaluate the contribution of land use to the 
occurrence of pedestrian crashes 
4 What are the influencing factors of pedestrian 
injury severity in Addis Ababa? 
 
Examining pedestrian injury severity in Addis 
Ababa 
5 When do pedestrian crashes occur? Investigate the time variation of pedestrian 
injury crashes 
6 What are the demographic and socio-economic 
characteristics that positively contribute to 
pedestrian crashes? 
 
Evaluate the contribution of demographic and 
socioeconomic characteristics of pedestrians 
for the occurrence of crashes 
7 How does pedestrian behaviour contribute to 
exposure? 
Examine pedestrian behaviour characteristics, 
like risk-taking behaviour, which influence 
pedestrian exposure to crashes 
 
8 What are the potential solutions to reduce the 
incidence of pedestrian crashes? 
Enhance pedestrian safety measures through 
identifying possible remedial measures i.e. 
low cost engineering measures, polices and 
strategies, etc 
1.5 Scope of the Research Study 
The overarching aims of the research are to mitigate pedestrian crashes in Ethiopia. It 
has eight objectives, as detailed above. The research sought to investigate these objectives 
and to explore the key risk and exposure factors associated with pedestrian crashes in 
Ethiopia. A range of research methodologies are used to examine the long standing pedestrian 
safety problems in the country.  
 
Pedestrian crashes in Ethiopia are mainly related to urban or built up areas. Due to 
time and budget constraints, a systematic approach has been followed to address pedestrian 
safety in the country. As a result, the study focuses on specific areas using convenience 
sampling approach. Moreover, road traffic injury crashes in Ethiopia are also clustered in the 
central parts of Ethiopia. Oromia regional state and Addis Ababa city account for almost fifty 
per cent of the total road traffic injury crashes in the country (see Figure 1-3) (Federal Police 
Commission of Ethiopia, 2013). 
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Figure 1- 3 Percentage of Road Traffic Fatalities Distribution by Regional States of Ethiopia 
in 2012/13 (2005 E.C.)
 †
) 
†E.C.: Ethiopian Calendar and one fiscal year stars from 1st July, 2012– 30th June, 2013 
 
The urban road environment is represented by Addis Ababa city which has 
contributed 13.12% road traffic fatalities (1
st
 July, 2012-30
th
 June, 2013). The city is the 
capital city of Ethiopia and more complex in terms of transport systems and pedestrian safety 
than any other city in the country. On the other hand, the rural part of the country is 
represented by roads found within a 100 kilometre radius from Addis Ababa which includes 
central parts of Oromia Regional state. In addition, police-reported road traffic crashes for a 
six year period are examined to identify the causes of crashes, in particular pedestrian crashes 
in the country. 
 
In summary, the scope of this research is limited to Addis Ababa city and a 100 km 
radius from Addis Ababa which means that it considered the central parts of Oromia 
Regional States. Furthermore, analyses of road traffic crashes are carried out using the 
country’s databases to reflect the pedestrian injury crashes at the country level.  
 
1.6 Structure of the Thesis 
This thesis consists of ten chapters and the contents of each chapter are presented as 
follows. 
 
The next chapter introduces the conceptual framework of the study. It begins with a 
definition of traffic safety; it is presented in general terms and then examines types of 
measurement of road traffic crashes. Then, the system approach to pedestrian safety is 
employed as a conceptual framework for the study. The system approach encompasses a 
stepwise problem-solving procedure which is supported by the famous Haddon matrix. 
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Furthermore, each investigation can be segregated into exposure and risk variables to 
understand the consequences (pedestrian injury crashes). In this chapter, the Haddon Matrix 
for factors contributing to pedestrian injuries is also developed in the context of developing 
countries. 
 
Chapter 3 examines the existing literature related to pedestrian crashes around the 
world. First, it introduces the reasons for pedestrian data needs and types of pedestrian data. 
Then, it highlights the type of methodology for acquisition of this data. And the difficulties 
encountered when obtaining this data. The crash data quality problem is the second issue 
which is given due attention in the discussion. The third subsection explores the risk factors 
for pedestrian injury crashes and identifies the available literature for each risk factor. 
Following this, factors influencing pedestrian injury severity are discussed. The quality of 
evidence for each factor indicated in the existing literature is discussed, followed by 
pedestrian and vehicular exposure definitions. Pedestrian and vehicular exposure 
measurements are also discussed. Finally, the discussion includes the benefits and drawbacks 
of each method of measurement and is followed by the summary of the literature findings.  
 
Chapter 4 is a published conference paper from the Australian Transport Research 
Forum. This paper describes the literature on pedestrian crashes in developing countries and 
how they differ from the global picture, specifically referring to implication for Ethiopia. 
Finally, possible solutions for pedestrian injury crashes in developing countries are proposed 
in this chapter.  
 
Chapter 5 presents an analysis of the police-reported road traffic crashes in Ethiopia 
over a six year period. The characterisation of road traffic crashes can be done in terms of 
time of day, road users, road environment, collision type, and involvement of vehicle types. 
Finally, discussions and recommendations are provided based on this analysis.  
 
Chapter 6 describes the data collection methodology. In this chapter, the data 
acquisition methodology, such as resources and equipment needed for data collection, 
research strategy, database development, study corridor selection, collection of pedestrian 
crash data, collection of traffic data, procedure for collecting land use characteristics, and 
collection of road characteristics are discussed. The summary of the sample size 
determination and sampling procedures are presented in the last sections of this chapter. 
Count and discrete choice modelling methodologies are reviewed. The application of count 
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models in pedestrian crashes are also identified to understand the development of modelling 
practices.  
 
Chapter 7 examines the pedestrian injury severity in Addis Ababa. The examination is 
carried out by applying discrete modelling techniques to identify the influencing factors for 
pedestrian injury severity in Addis Ababa. The findings brought with a new insight into the 
factors influencing the injury severity of pedestrians in the city.  
 
Chapter 8 presents a pedestrian crash model for two-way, two-lane rural roads in 
Ethiopia. The developed model shows that road geometry, pedestrian exposure, and traffic 
flow factors are associated with estimated mean pedestrian crashes. The main factors are 
AADT, average pedestrian crossing volume, lane width, mountainous terrain, gravel 
shoulder, pedestrian crossing behaviour (in a pair, and in a group), and estimated age of 
pedestrian crossing.  
 
Chapter 9 develops a pedestrian crash prediction model for roundabouts in Addis 
Ababa. This model reveals that many factors related to pedestrian exposure, approach road 
geometry and roundabout characteristics, and traffic flow factors are correlated with expected 
pedestrian injury frequency. The major risk factors which are identified are the product of 
AADT of major road and minor road, maximum approach gradient, log average daily 
pedestrian crossing volume, presence of schools with 100 metres, presence of fence 
terminals, and presence of raised medians or islands on approach roads.  
 
Chapter 10 discusses and synthesises the findings of this research. The key findings 
on pedestrian crashes and injury severity in Ethiopia are highlighted. The possible 
countermeasures to pedestrian safety are proposed to the politicians in the country. Moreover, 
the pros and cons of the research are also presented. Finally, the chapter ends up with a 
summary of this research study’s contribution to pedestrian safety in Ethiopia and further 
possible research topics from the Ethiopian context are recommended. The first level flow 
chart is given in Figure 1-4 below.   
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Figure 1- 4: First Level Flow Chart for Mitigating Pedestrian Crashes in Ethiopia 
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CHAPTER 2: CONCEPTUAL FRAMEWORK OF THE RESEARCH 
2.1 Introduction 
A conceptual framework has been developed in order to identify and understand the 
key elements and related factors which have an impact on pedestrian crash risks. The chosen 
definition of road safety and the selected means of measurement are both important 
considerations when designing an effective conceptual framework. Moreover, a system 
approach to pedestrian safety, combined with Haddon’s Matrix Model of pre-crash events, is 
used as a key element of the conceptual framework for this research. Pedestrian crashes can 
be considered as a system which interacts with both the internal and external environment. 
The other component, Haddon’s matrix, was selected as it is recognised as a sound basis for 
strategic and operational problem solving related to pedestrian safety. Larsson, Dekker and 
Tingvall (2010) stated that “Haddon’s matrix is a model for an integrated systems approach” 
(p. 1172). The system approach to road safety and Haddon’s matrix applied to pedestrian 
crashes are discussed below along with the effective operational definition of traffic safety 
and its optimal measurement. The contents of this chapter are illustrated in Figure 2-1 below.  
 
Figure 2- 1: Second Level of Flow Chart for Conceptual Framework 
2.2 What is Road Safety and How Can Road Safety be Measured?  
In Ethiopia, road traffic crashes result in the loss of more than 3,132 lives and more 
than 9,265 are injured in 2013 (Federal Police Commission of Ethiopia, 2013). It is notable 
that even though fast economic growth has been recorded in recent years the level of 
motorisation and road density remain low. Nowadays, transportation is key to the 
Chapter 2: Conceptual Framework 
2.1 Introduction  
2.2 What is road safety and how can road safety be measured? 
2.3 System approach to pedestrian safety  
2.4 Conceptualising pedestrian and road traffic Safety  
2.5 Variables influencing pedestrian safety 
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development of the country’s economy. As a result, road safety is a growing challenge from 
the perspective of socioeconomic pressures and health/medical issues, especially the stresses 
on crash and emergency services. This is because the need for mobility comes with attendant 
risks, particularly those such as human fatalities and injury, damage to property and, on 
occasion, livestock, arising from road crashes.  
 
Amongst professionals, there is no consensus on the best safety performance 
measurement method for estimating safety performance of roadways (Harwood, Council, 
Hauer, Hughes, & Vogt, 2000). Therefore, the following questions are a platform to measure 
and quantify road crashes.  
 What type of metrics should be used when measuring road traffic safety?  
 How can we best measure road traffic safety in order to target and identify the 
parameters of a safe road environment?  
 
 Numerous measures of road safety have been utilised. Some of them rely on the 
number of crashes per specific population cohort (per 100,000 population), the incidence of 
crashes per a specific number of motorised vehicles (usually 10,000 vehicles) and the number 
of crashes per kilometre travelled. These metrics are inconsistently utilised throughout the 
world due to the unavailability of standardised metrics. Despite this, the expected number of 
crashes can be used as a measurement of safety performance of existing infrastructure within 
the parameters of a given road condition when other things are kept constant. Traditionally, a 
crash prediction model has been framed in terms of the expected number of crashes relative 
to the distance travelled. 
 
Safety of some sites has gradually and/or suddenly deteriorated with time due to a rise 
in the complexity of exposure to risk of crashes. Except for the expected crash count per 
specified period, the other methods mentioned previously do not take into account the time 
series effect or complexity of exposure on crash counts. The safety problem of sites with time 
in developing countries is challenging to look for improved metrics to estimate crash count 
by considering the simple to complex exposure model needed. 
 
With the refinements of the tools over time, it has been becoming possible to quantify 
the safety performance of a road nowadays. Safety performance of an existing or future 
roadway means that expected crash frequency per defined period is measured, using given 
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road geometric parameters, traffic flow, site characteristics and traffic control features. It 
assists engineering professionals by providing reliable information about the safety 
performance of a roadway. Through amassing and verifying statistically significant quantities 
of data, a reliable predictor of crash frequency and injury severity can be achieved (Hauer, 
1999). When assessing a specific road’s safety it is always a matter of degree or scale. The 
key word in crash prediction is the cautionary word “expected” underscoring the observation 
that crashes vary in time and space. There is an expectation that crashes will occur at every 
site, and the challenge is to understand the expected safety performance of a particular site. 
Because random fluctuations occur along with structural safety problems, any discrepancy 
between expected and actual safety helps to identify problems. Due to factors such as 
alterations in traffic conditions, random effects and events, and underreporting of crashes by 
drivers and authorities, the number of crashes per kilometre on the same road infrastructure 
will vary over time without any changes in the road design. Washington & Haque (2013) 
hypothesise there are three components of crashes, namely random effects, observed and 
unobserved crash counts. Random effects and unobserved crash counts (under-reporting) are 
a challenge to accurate estimation of the expected number of crashes. Another challenge is 
posed when using long time periods to observe crashes on specific road infrastructure 
because both the traffic flow and the road environment may alter over time. These alterations 
can include deterioration of facilities, upgrading or new road design, and the development of 
other infrastructure or residential/industrial construction along the route. All these issues pose 
challenges to the researchers attempting to calculate the statistical mean for the crash rate of 
that section of road. In developing countries the difficulty of making accurate predictions or 
estimations of crash rates are compounded by deteriorating infrastructure. This deterioration 
may be more pronounced than in developed countries due to the poor asset management 
(maintenance intervention). All these issues may obscure the real situation for those 
endeavouring to provide an accurate measurement of crash rates and the reasons crashes 
occur. 
 
Whilst it is difficult to capture the true value of crash rates at the route level it is even 
more problematic at the country level. By way of illustration, in developing countries the 
under-reporting of crash figures is significant. As a result, only approximate figures can be 
derived for expected crash rates. When using police-reported crashes as a primary source 
researchers need to make some assumptions about the likely incidence of under-reported 
crashes and incorporate estimated figures to account for them. Moreover, transportation 
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professionals do not have clear knowledge of injuries and their causes, as these are also 
under-reported (Ye & Lord, 2011). To date few studies have taken into account the problem 
of underreporting of crashes in their modelling process. One study pointed out that in 
developing countries the quality of crash data is vital in designing ways to reduce road 
fatalities and injuries (Kayani, Fleiter, & King, 2013). In another recent study, the impact of 
underreported crashes has reduced in analysis by applying a combination of a property 
damage only (PDO) equivalency calculation and quantile regression technique in order to 
identify crash hot spots or black spots (Washington, et al., 2014). The study used the severity 
weight to minimise the impact of underreporting of crashes. The inclusion of some method of 
adjusting for the underreporting of crashes should improve any modelling tool used to 
estimate the true statistical mean for crash rates. Biased crash data usually translates into the 
construction of parsimonious models and these results in biased mean crash frequency 
estimation and affects predictor variability. Researchers at all times need to undertake the 
precautionary step to capture or incorporate underreporting when using raw data on the 
frequency of road crashes.  
 
2.3 System Approach to Pedestrian Safety 
A transportation system is a system which can operate with the given environment. A 
systems approach is used in various fields of studies (Larsson, 2007) and a systems approach 
is used to understand the factors influencing exposure and risk of crashes involving 
pedestrians. The problem of crashes involving pedestrians is addressed with a holistic 
approach, which means that multi-sectoral integration is required to minimise road tolls and 
injuries. A system has two components: the internal and external environment. A proper 
understanding of the interaction of these internal and external systems is helpful to improve 
pedestrian safety. Currently, a review of the research literature supports a proposed “systems 
approach” for road safety with four stages used to process the data from each encounter or 
crash (WHO, 2004). These are: (1) identifying and defining problems, (2) formulating a plan, 
(3) setting targets which are measurable and (4) evaluating results to get feedback for the next 
plan or for adjusting the existing plans. Similarly, three guiding principles are suggested by 
the World Bank for a systems approach to road safety (The World Bank, 2009). The first is 
that not all road crashes are preventable; however, they can be minimised. The second is that 
road transportation systems should be planned and operated to address human error and 
consider the susceptibility of the human body. Finally, road safety is a shared responsibility, 
21 
 
and accountability is shared by all the involved parties: road planners, car designers, and road 
users. Therefore, the systems approach to crashes is the foundation for this research.  
 
The systems approach incurs a cost in order to prevent road crash injuries (WHO, 
2004). A systems approach needs long term development of the capacity of road safety 
professionals. Low and medium income countries have a significant problem developing the 
necessary capacity of their road safety professionals to respond to the adverse effects of 
crashes. The main systems approach used in road safety is not an integral part of the Haddon 
Matrix (Larsson, 2007; Larsson, et al. 2010). However, the Haddon matrix is a tool applied 
across all phases of crash event analysis and response. It is used in order to describe the 
incident, identify the cause and contributing factors, quantify the problem and to propose 
potential solutions (O’Neill, 2002).  
 
The Haddon matrix gives researchers the opportunity to examine the relationships 
between risk factors with crashes at pre-crash stages. It also allows the performance of road 
to monitored and evaluated. WHO (2004) recommended the Haddon matrix as a dynamic 
systems approach to the prevention of injuries. From the preceding analysis it can be gauged 
that the Haddon matrix is a dynamic system with each cell of the matrix giving the 
opportunity for early intervention, thus enabling the prevention of injuries in the three phases 
of a crash event: pre-crash, during-crash and post-crash. 
 
A system has two types of influencing factors: internal and external factors, which 
influence the operation of the system (see Figure 2-2). The internal risk factors originate from 
the internal operation of the system itself. For instance, a transportation system comprises the 
road users, vehicles, and the road environment. Interaction among any or all of these 
elements may result in unwanted events such as crashes. Some of the causes are related to 
road users and others may be associated with the vehicles and the road environment. On the 
other hand, the transportation system may also interact with the external environment or with 
other systems. External factors may arise from outside the systems, which also may have 
adverse effects on the operation of the system. The system can operate against any 
background and within any given operating environment ranging across the spectrum of 
socioeconomic, demographic, technological, cultural, political, and legal environments. The 
impact of these factors may not necessarily be easily controlled or handled efficiently and 
effectively as managing and controlling the adverse effects of an external system is difficult. 
This is in contrast to aspects of the internal environment which may be somewhat more 
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controllable, thus reducing the occurrence or severity of any adverse effects of interactions 
between those internal factors.  
 
 
 
 
Figure 2- 2: System Architecture of Interaction of Internal and External Factors on Crash 
involving Pedestrians as a System 
 
Likewise, pedestrian safety can be considered as a sub-system within the 
transportation system. The parties involved within any pedestrian safety systems approach in 
internal environments are: the drivers themselves, any pedestrians, the vehicles, and the road 
environment (Larsson, et al., 2010; Zegeer & Bushell, 2012). Leveson (2002) pointed out that 
crashes occur when the sub-systems interact each other, and these interactions (between 
external and internal factors) produce an outcome of the occurrence of crashes (Leveson, 
2002). Each of the elements can make either a positive or a negative contribution to 
pedestrian safety, or have a fixed negative and positive effect on various aspects of any crash 
event. The public assume that any pedestrian involved in a road crash is involved due to some 
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mistake of the driver and that drivers are invariably at fault, but this is not the case, since road 
users, vehicles, pedestrians and the road environment itself can all contribute to the 
occurrence of crashes. The external environment consists of various factors and areas that 
influence pedestrian safety and these variables affect a pedestrian’s exposure to involvement 
in a crash. The most common variables are political, legal, cultural, technological, social, 
economic, and demographic factors. Zegeer and Bushell (2012) revealed that crashes 
involving pedestrians are a complex interplay of conditions, which are in play not only during 
the crash, but also leading up to the crash. These relate to the driver, the vehicle/s involved, 
the pedestrian/s affected, and the roadway environment. In addition, there are demographic 
features, and social issues, as well as policy factors.  
 
 Internal factors relevant to pedestrian safety include vehicle speed, inadequate 
visibility, impaired driving ability due to alcohol and/or drug intake, impaired walking ability 
as a result of alcohol and drug consumption, and the absence of adequate/safe pedestrian 
facilities. On the other hand, external factors can encompass political, legal, cultural, 
technological, social, economic, and demographic issues. These will be discussed in the next 
sub section.  
 
The interactions of each component are also assumed to be nonlinear. The magnitude 
of influence differs from one environment to another as well as differing due to the variables 
introduced by time. For instance, the timing of the incident (day or night) may affect the 
visibility of the pedestrian, or the timing of the incident in terms of how soon after taking 
alcohol and/or drugs the pedestrian and/or the driver were at a particular location may affect 
the risk of an crash or the severity of any injuries due to a pedestrian-vehicle collision. The 
analysis of traffic crashes involving pedestrians needs to understand the full context of the 
environment (Salmon, McClure, & Stanton, 2012). It is clear that a combination of internal 
and external factors contribute to the occurrence of traffic incidents involving pedestrian 
victims. This holds true regardless of whether the minutiae of every interaction is fully 
understood. 
 
The internal factors, as stipulated previously, are direct causes of crashes involving 
pedestrians and they are related with major risk factors leading to pedestrian involvement in 
traffic crashes. As mentioned previously, pedestrian risk factors include vehicle speed, driver 
alcohol impairment, pedestrian alcohol impairment, inadequate visibility, and lack of 
pedestrian facilities, land use type, and poor enforcement of traffic rules (WHO, 2013b). 
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Human factors are a complex part of the internal factors since human behaviours are not 
easily predictable.  
 
A number of external factors influence pedestrian exposure to risk of crashes. There is 
a relationship between pedestrian exposure and the culture of a society (Lund & Rundmo, 
2009; Lund & Aarø, 2004). One study in the USA found that child pedestrians of non-
English speaking origin were overrepresented in paediatric injuries due to family, social, and 
cultural factors (Agran, Winn, Anderson, & Valle, 1998). Another self-report study carried 
out a cross-cultural comparison of road traffic risk in Norway, Russia, India, Ghana, 
Tanzania and Uganda (Nordfjærn, Jørgensen, & Rundmo, 2011). Sub-Saharan African 
countries had a higher road traffic risk as a result of driver perceptions, attitudes and 
behaviours when compared to the rest of the countries in the study (Nordfjærn, et al., 2011). 
A cross-cultural study on road safety evidenced that cross cultural differences significantly 
influence the risk perceptions and safety behaviours of road users in various countries (Lam, 
2005). Moreover, Engel (2007), which suggests that cultural differences will be a key 
challenge in European road safety in the near future. Also, a study done in Pakistan revealed 
that road user exposure has a strong association with the national belief system, and in 
particular fatalism (Kayani, et al., 2013). Similarly, people who live in rural Ethiopia believe 
it is good luck to cross a road with a speeding vehicle approaching.  
 
The political environment refers to the existing policies regarding road crashes. For 
instance, politicians should address the road safety problem in order to allocate sufficient 
budget and trained manpower. This can be achieved by increasing its political priority. 
Political will is vital in road safety and improving road safety (WHO, 2011). Similarly, the 
legal environment facilitates the legal rights of the road in the infrastructure. The provision of 
law for protecting the needs of pedestrians is a key step in pedestrian safety (Montgomery & 
Roberts, 2008). Therefore, pedestrian exposure to risk of crashes can be influenced by the 
political and legal environment of a given society. 
 
Second, technology refers to the advancement of technology which aids pedestrians 
and drivers to navigate safely. Developing countries have a problem of limited resources and 
need to look for better technology. Developed countries have a number of safety technologies 
which are proven through practice and can be adopted by developing nations (WHO, 2004). 
Use of helmets, safety and protective materials, roadside barriers and intelligent traffic 
equipment are some of the examples for the transfer of technology (Ericson, 2008). Thus, 
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differences in technological advancement are reflected in the exposure of pedestrians to crash 
risks. More advanced technology is applicable in transportation systems which lead to safer 
road environments. 
 
Third, demographic characteristics are the external factors which positively influence 
the occurrence of crashes involving pedestrian. The age structures of a society and education 
levels are other good examples. According to the Central Intelligence Agency (2013), 
Ethiopian age structure exhibits a high number of children and young adults. The report 
reveals that the median age of Ethiopians is 17.5 years. This means that major proportions of 
the population consist of younger people or teenagers. Children and young adults are more 
vulnerable to road crashes. The education level of a society is also one of the factors that 
influence the level of pedestrian involvement in traffic crashes. The level of literacy in 
Ethiopia is 39% (Central Intelligence Agency, 2013). Therefore, the majority of the 
population are illiterate and it implies that road safety education and promotion are difficult 
due to the communication barriers. Gender is also an influential factor on exposure of risk of 
crashes. For instance, in Ethiopia, male pedestrians are over-represented in crashes (Tulu, 
Washington, & King, 2013). This is because the national trend is for males to have a higher 
level of mobility compared to females (Aregu, Bishop-Sambrook, Puskur, &Tesema, 2010). 
This differential mobility is the natural corollary of higher male employment and a greater 
reliance on vehicles to seek work. This accounts for national cross-gender variations in 
vehicular usage and travel by foot. Therefore, the problem of road safety is complicated, and 
holistic approaches are required to resolve the country’s poverty and gender difference in 
mobility in order to reverse the current high rate of pedestrian-vehicle crashes. 
 
Finally, crashes involving pedestrians are also influenced by the national 
socioeconomic character. A study in Nigeria indicated that 60% of those involved in 
pedestrian-vehicle crashes lived below the poverty line, and the nation spent about $17 
dollars per day for medical treatment of crash victims, which is a big burden to the 
community (Ipingbemi, 2008). Another study carried out in California indicated that 
households with low earnings had a greater likelihood of pedestrian crashes (Chakavarthy, 
Anderson, Ludlow, Lotfipour, & Vaca, 2010) as road users’ choice of travel mode depends 
on income level. As a consequence, the exposure to crash risk is a function of road users’ 
income and mode of transport. For instance, crashes involving pedestrians are primarily the 
problem of medium-income and low-income countries (WHO, 2009). All in all, the 
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socioeconomic characteristics of a country may contribute to, and also be used as a predictor 
of, the proportion of vehicle crashes involving-pedestrians.  
 
 This research follows a sequence of six logical steps for identifying and choosing 
alternatives. First, it identifies the nature of the problem of pedestrian safety. Second, it 
defines the extent of the pedestrian safety component in the overall context of road safety and 
traffic flow. Third, it diagnoses the extent and causes of the safety issues underlying this 
problem. Fourth, it develops criteria for the design of effective countermeasures. Fifth, it 
proposes a range of options for countermeasures to address the issues identified. Sixth, it 
selects the best solution or mix of solutions to remedy the various targeted issues. Figure 2-3 
shows the process leading to the identification of countermeasures to address the problem of 
pedestrian involvement in vehicle crashes 
 
 
 
 
Feedback  
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Figure 2- 3: The Process of Identification of the Nature, Causes and Extent of Pedestrian-Vehicle 
Crashes as a Preliminary to Proposing Possible Countermeasures and then Selecting Possible 
Solutions. 
 
A safe systems approach to road safety is widely used around the world. There are 
variations of this approach. This system seeks to manage the interaction of four elements in a 
road transport system, namely travel speed, road users, roads and roadsides, and vehicles 
(Australian Collage of Road Safety, 2010). While it is not possible to prevent all crashes, the 
safe system aims to prevent and reduce those crashes which result in fatalities and serious 
injuries, respectively. The safe system is used in Sweden’s Vision Zero and the Netherlands’ 
Sustainable Safety, both of which have been practiced long-term. Similarly, the safe system 
approach has been applied in Australia since 2003 (Australian Transport Safety Bureau, 
2005). For instance, the target of Vision Zero is to achieve a road transport system with no 
fatalities or serious injuries. The safe system approach relies on the core concept that life and 
health of human beings cannot be traded off for mobility or other benefits to society. In 
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which can be measured and compared before investment decisions are made. The common 
key features of safe system approaches around the world are (Fildes & Langford, 2002): 
 
 The human body can tolerate only a limited force of violence. When 
dissipated crash energy exceeds the tolerance of the human body the outcome 
is death or serious injury; 
 Despite intervention efforts, road traffic crashes shall continue to occur due to 
the random nature of road transport and human beings making mistakes when 
satisfying their need of mobility; 
 The significant challenge is to ensure that in the event of a crash serious injury 
is minimised for all road users and fatal crashes do not occur; and 
 The challenge can be tackled by reducing crashes through managing the road 
environment, vehicles and speed, and reducing the energy dissipated on road 
users to the level of the tolerance of human body. 
 
However, from a developing country perspective, the safe system road safety 
philosophy requires commitment, institutional capacity and funding; however, many of these 
countries are focused on fulfilling basic physiological needs. Less economically developed 
countries often have problems meeting needs such as basic health care, potable water, food, 
accessibility and other basic essentials. Although the safe system approach to road safety may 
be appropriate, it demands resources and institutional capacity, which may not be available. 
However, there is a need to find a road safety philosophy to address the current problem in 
African countries. There is no one African country with an explicit framework for road 
safety, however most have formulated a plan due to the decade of action for road safety of the 
United Nation (UN).  
 
Therefore, the safe system is much better suited to developed countries which have 
the required technical staff and resources to approach zero fatalities and minimise serious 
injuries. As discussed previously, a systems approach to road safety is more suitable in the 
context of developing countries, particularly African countries. The system approach allows 
them to plan their action based on prevailing resources and capacity. It also helps to prioritise 
depending on the seriousness of the problem. This research uses the system approach to 
pedestrian safety in order to identify the pedestrian crash problem and propose ways to 
reduce fatal and injury crashes.  
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2.4 Conceptualising Pedestrian and Road Traffic Safety 
The road traffic safety concept used in this study relies on two constructs or tools: 
namely, the Haddon matrix and a three dimensional analysis of three key road safety 
variables (exposure, risk and consequence). These two constructs or tools are discussed 
below. 
 
2.4.1. Haddon Matrix Applied to Pedestrian Safety 
The Haddon matrix is a useful conceptual framework for the collection and analysis 
of data on road safety. This research adapts the Haddon matrix for use with pedestrian safety, 
and this adaptation is shown in Table 2-1. There are three phases of any crash: pre-crash, 
during the crash, and post-crash phases (Runyan, 2003). Associated with those phases are 
four factors, which have been incorporated into the adapted matrix, namely: host factors 
(drivers and pedestrians), vehicle factors, road features and environment, and operating 
environment (external factors). The research focuses primarily on pre-crash factors with 
respect to drivers and pedestrians, roadway features, and environmental and external factors. 
Thus, the Haddon matrix is used as a conceptual framework to assist the identification, in the 
Ethiopian context, of possible factors contributing to crashes involving pedestrians. 
 
The traffic features and road environment were evaluated using the pre-event 
environment of Haddon‘s matrix as the conceptual foundation for the research. The 
identification of potential risks for crashes involving pedestrians requires the development of 
appropriate countermeasures to minimise pedestrian death or injuries. There is considerable 
information on possible countermeasures available in the literature. However, the situation is 
complicated by the simultaneous or sequential operation of one or more contributing factors 
or causes for any given crash. Countermeasures therefore need to be interconnected in effect 
and mutually supportive (rather than unrelated and counterproductive) in order to be able to 
reverse the risk potential of any given situation.  
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Table 2- 1: Haddon Matrix to Pedestrian Injuries from a Developing Country Context 
Phases Factors 
Host Vehicle Factors Environment 
Driver Factors  Pedestrian Factors  Road Environment  Operating Environment 
Pre-
event 
(before 
crash 
occurs) 
 Alcohol and drug impaired 
driving  
 Driver Vision problems 
 Licensing 
 Capacity/experience of driver 
 Distance travelled (fatigue)  
 Unsafe driving behaviour 
 
 Alcohol and drug impaired 
walking  
 Pedestrian behaviour  
 Pedestrian volume and mix 
 Mobility issues for, or 
awareness of road safety by 
child pedestrians 
 Mobility, Sight or Hearing 
issues for Older pedestrians  
 Pedestrian distraction 
 Pedestrian disability  
 Visibility or 
conspicuousness of 
pedestrians (ease with 
which they can be seen) 
 Vehicle design 
standards 
 Vehicle types 
 Vehicle height, 
volume and speed 
 Large truck factor ( 
mass) 
 Vehicle noise 
 Proportion of heavy 
vehicles 
 Maintenance of 
brakes/tyres 
 Vehicle 
weight/power ratio 
 Vehicle movement 
 Midblock 
pedestrian crossing  
 Standard of roads 
and design 
 Intersection types 
and geometry 
 Urban planning 
(mixed use urban 
planning and design) 
 Traffic control 
devices  
 Illumination  
 Vehicle volume and 
speed 
 Bus stop design  
 Weather  
 Road width, 
median, footpath, 
shoulder, fence 
 Maintenance  
 Friction of road 
pavement  
 Sight distance 
(visibility) 
 Demographic (age, sex, 
education background, and 
ethnicity)  
 Land use and zoning 
(built up or non- built up, 
commercial or residential, 
alcohol bars’ density) 
 Population density and 
housing development 
practices  
 On-road and off-road 
parking design and 
operational practice 
 Financing schemes  
 Climate change  
 Cultural safety practices 
for proper use of road 
facilities 
Event 
(during 
the 
crash) 
 Knowledge  
 Use of restraints fitted and worn 
 
 Pedestrian knowledge of 
self-protection strategies (has 
been taught methods to reduce 
the severity of injuries) 
  Vehicle size  
 Vehicle 
Crashworthiness 
 Protection kits  
 Highway design 
(footpath, shoulder, 
road width, etc.) 
 Placement of road 
furniture  
 Street lighting  
 Enforcement of traffic 
regulation for pedestrians 
 Duties and tax incentive 
for imported crash 
worthiness cars 
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Post 
event 
(after 
the 
crash) 
 Driver knowledge of first aid (has 
been taught emergency response 
procedures) 
 Driver knowledge of emergency 
drills (has been taught how to 
respond when incidents occur 
(phone emergency) 
 Prevention of delay in detecting 
crash 
 Pedestrian crash victims’ 
health status  
 Age and sex of victims  
 
 Prevention of fire 
risk 
 Avoid leakage of 
hazardous 
materials 
 
 Rehabilitation of 
the road  
 Furnish traffic 
control device 
 Traffic congestion 
priority 
 Public participation in 
injury rehabilitation  
 Laws and regulation of 
transportation system 
regarding the injury 
 Technology (medical, 
road construction) 
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Haddon grouped the countermeasures to prevent injuries into ten categories (Runyan, 
2003). The first group are countermeasures to prevent the creation of the hazard. The second 
group are to reduce the amount of hazard brought into being. The third group of 
countermeasures are to prevent the release of the hazard. The fourth group are to modify the 
rate of release of the hazard from its source. The fifth group comprises countermeasures to 
separate the hazard from that which is to be protected by time and space. The sixth group of 
relate to ways to separate the hazard from that which is to be protected by a physical barrier. 
The seventh group are countermeasures that modify relevant basic qualities of the hazard. 
The eighth group make what is to be protected more resistant to the damage from the hazard. 
The ninth group of begin to redress the damage done by the hazard, whilst the tenth group of 
countermeasures are vital to stabilise, repair, and rehabilitate the object of the damage. Each 
of these groups provides crucial instruments to prevent pedestrian deaths and injuries 
(Runyan, 2003). Thus, the Haddon matrix can be a most valuable theoretical framework not 
only in the identification phase of pedestrian causes of crashes, but also in the prevention of 
fatalities and injuries. 
  
2.4.2 Exposure, Risk and Crashes  
Exposure, risk and number of crashes by severity are the primary dimensions of 
traffic safety which can most graphically help us visualise the number of road users killed or 
injured during road traffic crashes (Elvik, Vaa, Hoye, & Sorensen, 2009; Nilsson, 2004). The 
safety level of road users depends on the interaction of these three dimensions.  
 
Exposure is any variable which relates to any activities which influence or expose 
road users to an increased risk of involvement in a crash. In other words, any activities which 
expose road users (non-human or human) to a crash risk are exposure variables. Exposure can 
describe the range or volume of activities which might increase the likelihood of a crash 
happening. In crashes involving pedestrians, exposure is expressed in terms of the specific 
amount of time a pedestrian spends or pedestrian volume, or number of crossing pedestrians 
etc. in contact with specific volume motorised traffic to travel a specified number of 
kilometres. The details of measurement of exposure will be discussed in the literature review 
section (Chapter 3). 
 
Risk may be defined as by three elements (Austrods, 2009): 
32 
 
a) Exposure: the number of vehicles or pedestrians travelling through a particular 
road environment such as traffic volume 
b) Probability : the likelihood that any time or point on road initially loss control 
c) Outcome: An array of possibilities arising from an initial loss of control, can 
range from a null outcome where a driver regains control to serious injury or 
death outcome 
Risk may be given as (Austroads, 2009): 
 Risk = f (Exposure × Probability × Outcome)  (1) 
A reduction of risk can be achieved through reducing the exposure of people or 
number of vehicles. Hakkert & Braimaister (2002) defined risk in terms of road safety by 
quantifying the level of road safety relative to the amount of exposure to road traffic crashes. 
In road traffic safety, risk is the quantifiable probability of a crash occurring (Hauer, 1982). 
 
Consequence is defined as an outcome arising from an activity, for instance for a 
road user, the possible consequence of travelling by road could be involvement in a crash. A 
crash is defined as an event on a public or private road involving one or more motor vehicles, 
and possibly one or more drivers, passengers or pedestrians which may result in death or 
injury (Hakkert & Braimaister, 2002). In the process of satisfying our need for mobility, our 
travel exposes us to the risk of a crash, an unwanted event, but nevertheless a possible 
consequence of our travel.  
 
2.5 Variables Influencing Pedestrian Safety 
The variables that are affecting pedestrian safety are exposure, risk and consequence. 
 
2.5.1 Exposure 
Exposure data, and particularly pedestrian exposure data, are not readily available in 
most road department around the world; however some of these data are collected for 
infrastructure related purposes, such as Annual Average Daily Traffic which is usually 
gathered for asset management purposes. Exposure can also be expressed as number of units 
involved; time spent interacting with a contact of motorised vehicles, kilometres travelled in 
the road environment or number of trips.  
 
The details of exposure measurements for pedestrians will be discussed in the 
literature review section of this study. However, it is worth noting that traffic volume and 
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pedestrian volume are the principal variables that explain the variation of pedestrian crashes. 
For example a European study found that 50% of fatal pedestrian crashes and 70% of 
pedestrian injury crashes were explained by traffic flow (Fridstrom, Ifver, Ingebrigtsen, 
Kulmala, & Thomson, 1995).  
 
2.5.2 Risks 
Pedestrian risks are related to four major risk factors. These are vehicle speed, alcohol 
consumption prior to or during driving or walking, inadequate visibility, and lack of 
pedestrian facilities and poor land use planning. 
 
2.5.2.1 Speed  
Speed has a strong correlation with pedestrian crashes and is a key risk factor in 
pedestrian injury crashes (WHO, 2013b). Researchers have frequently used posted speed (as 
indicated by advisory speed signs erected on roads) to model crashes; however, the majority 
of drivers navigate with an actual speed which often deviates substantially positively or 
negatively from the posted speed. It is noted that the connection between vehicle speed and 
the number of crashes could usefully be incorporated into modelling work to simulate the in 
situ situations. This could easily be done by taking some observations of vehicle speed to 
capture the operating speed of drivers at various sites. 
 
It is well documented that vehicle speed affects a driver’s stopping distance. If the 
vehicle travels with a higher speed the vehicle will require a longer distance before coming to 
a stop. For instance, the Ethiopian Geometric Design Guide provides both recommended 
stopping and recommended passing sight distances with the change in the designated traffic 
speed for design of new or upgrading road project (see Table 2-2). 
 
Table 2-2:Stopping and Passing Sight Distance in Relation to Design Speed 
(Ethiopian Roads Authority, 2002) 
Design Speed 
(km/h) 
Coefficient  
of Friction (f) 
Stopping Sight  
Distance (m) 
Passing Sight  
Distance (m)  
20 0.42 20 160 
30 0.40 30 217 
40 0.38 45 285 
50 0.35 55 345 
60 0.33 85 407 
70 0.31 110 482 
85 0.30 155 573 
100 0.29 205 670 
120 0.28 285 792 
34 
 
 Vehicle travelling speed affects the level of risk of involvement in a crash and the 
severity of the consequence. When a dangerous situation arises the driver is expected to 
perceive the situation and react to it. Since there are limits to human reaction time when a 
vehicle is travelling at high speed, a much greater distance is needed in order to avoid the 
unwanted event of a high impact crash. In other words, the higher the speed at which the 
vehicle travels, the shorter the stopping time available to avoid any dangerous situations. 
 
By comparison, if the travelling speed is lower the driver has more time to manage the 
situation and a greater available distance in which to stop the vehicle before impact. 
Moreover, as shown in Figure 2-4., the relationship between impact speed and risk of 
pedestrian fatality has also been shown to have a direct correlation. Hence, high vehicle speed 
is a principal factor in significant increased pedestrian risk of involvement in a crash resulting 
in death.  
 
 
Figure 2- 4: Risk of Pedestrian Fatality as a Function of Vehicle Impact Speed (Rosén 
& Sander, 2009) 
 
2.5.2.2 Alcohol and its influence on driving or walking 
Like speed, alcohol influences the risk of pedestrian involvement in a vehicle crash 
and the increased severity of consequent injury (WHO, 2013b). Consumption of alcohol leads 
to a higher probability of crashes since alcohol slows reaction time, impairs perception and 
decision-making, reduces attention and decreases visual acuity. It should be noted that these 
impairments to performance apply equally to drivers or pedestrians consuming alcohol prior 
to, or whilst driving or walking and contribute to vehicle-pedestrian crashes. The pedestrian 
may equally misjudge traffic and other conditions thus heightening their risk of involvement 
in a crash.  
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2.5.2.3 Inadequate visibility 
In any driving situation a driver requires a clear view of the road and the surrounding 
environment, including any pedestrians (WHO, 2013b). It is even more critical at night 
(Tyrrell, wood & Carberry, 2004). Reduced visibility is prevalent in developing countries like 
Ethiopia to varying degrees, ranging from total absence of street lights to inadequate 
illumination - particularly in built up areas. Moreover, many vehicles in developing countries 
are old and their headlights often do not function very well. Of equal concern, pedestrians are 
not always aware of the problems which they can cause by not wearing light reflective 
clothing if walking at night. This is particularly important in a situation where poor nighttime 
lighting renders them virtually invisible. Pedestrians assume that they are visible at night 
simply because a vehicle has lights shining on the road, but this is not the case. Drivers can 
often be blinded by the headlights of oncoming traffic and not see the road ahead, let alone 
the pedestrian walking on it and their eyes will not be fully adapted to darkness because they 
are looking at the road environment illuminated by their headlight.  
 
2.5.2.3 Absence of pedestrian facilities and poor land use planning 
 In developing countries, adequate pedestrian facilities are often neglected and seldom 
automatically incorporated at the planning and design stage of a road project. A significant 
proportion of both urban and rural communities in developing nations frequently rely on 
walking as their sole means of transport. Despite that, limited attention is devoted to the 
provision of pedestrian facilities. In cases where there is a total lack of adequate pedestrian 
infrastructure and a total absence of foot friendly facilities, pedestrians are forced to use the 
roadway for walking, and their journeys often force them to cross busy roads with high 
volume motorised traffic, placing them in conflict at high risk of death or severe injury.  
 
2.5.2.4 Others risk factors 
 Additional risk factors include driver and pedestrian fatigue, vehicle-pedestrian 
traffic flow conflict at pedestrian crossing points, as well as poor enforcement of road safety 
regulations by the relevant authorities. Other risk factors are posed by distractions to driver 
alertness - such as attempting to drive whilst operating a mobile; as well as unsafe driving 
practices like steering with one hand and placing the other hand outside the vehicle to smoke 
a cigarette.  
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2.5.3. Crashes 
Each crash has unintentional event expressed in terms of the number of deaths and the 
severity of injuries inflicted. This can be measured either as a percentage or as a specific 
number of injuries per designated unit of crashes e.g. % of injuries per 1,000 pedestrian-
vehicle collisions. It provides a quantifiable magnitude of crashes, or a measure of the degree 
of severity of injuries sustained (Hakkert & Braimaister, 2002).  
 
2.6 Summary 
Within the sector of nations categorised as developing countries, poor road traffic 
conditions and increases in vehicular volume are serious and ongoing problems. These 
factors contribute a disproportionately high number of road fatalities and injuries to total 
annual global statistics. 
 
There is no consensus amongst researchers throughout the world on how best to 
measure road traffic safety. Previously, various measures were utilised to quantify road 
crashes; however, no one method excelled in its performance or gained total acceptance by 
international researchers and professionals. Currently acceptance has been accorded to 
statistics relating to “expected number of crashes” as an agreed-upon unit by which to 
measure the performance of road infrastructure. More specifically, the “estimated mean 
pedestrian crashes per defined time unit” is seen as a better way to measure the performance 
of any given location of specific infrastructure, be it a particular road or intersection. This is 
because such a measure allows a long period of time for the calculation of an average of 
estimated crashes for a specific location. From that can be derived a stable figure as an 
expression of the performance of the specific road/intersection/bridge, etc. A note of caution 
does need to be inserted here, as it is difficult to estimate the true value of mean crash 
frequency due to underreporting. In order to construct better models to use when estimating a 
nearly true mean crash frequency one needs to take the underreporting into account by 
applying advanced statistical methods to crash data captured by the police.  
 
This study uses a new application of a systems approach to pedestrian safety in 
particular and road safety in general. It is a modification of an approach advocated by 
reputable international organisations and systematically takes into account both internal and 
external factors influencing vehicle-pedestrian crashes. The Haddon matrix and the three 
dimension road safety variables are used in conjunction to form the conceptual framework for 
this study. This study has further developed the Haddon matrix to focus on pedestrian safety 
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and the detailed elements sourced from the Haddon matrix are clearly identified. Moreover, 
the current research integrates into the modified systems approach the following additional 
key variables: pedestrian exposure to risks to personal safety posed by proximity to vehicles, 
risks posed by the intersection of pedestrian routes with the roads utilised by motorised 
traffic, and the effects of these factors, and others – including pedestrian volume - on the 
level of risk of injury or death arising from pedestrian-vehicle crashes. Some researchers have 
suggested that as a statistical measure, a formula incorporating the product of traffic volume 
and pedestrian volume is a more complete or comprehensive expression of pedestrian 
exposure to risk.  
 
In conclusion, the risk to any pedestrian of involvement in a traffic crash (pedestrian-
vehicle crash) is an expression of the rate of crashes per unit of exposure. In pedestrian-
vehicle crashes, the major risk factors are vehicle speed, the decision of the  driver to operate 
a vehicle whilst he/she are under the influence of alcohol, and the decision of  a pedestrian to 
walk after alcohol consumption, which impairs their judgement. In addition to the above 
mentioned internal factors, there are external factors, such as  inadequate lighting, which 
reduce the visibility of the pedestrian to the driver, roadway width, absence of pedestrian 
facilities (e.g. footpaths, refuge islands, pedestrian fences, Overpasses/Underpasses etc.), 
which exacerbate the risk of crashes involving pedestrians. Furthermore, the risk are 
compounded by poor land use planning by local or national authorities. Also, it will be 
important to note that there are secondary influencers of the risk factors, which may affect the 
occurrence and/or severity of the injuries arising from pedestrian vehicle crashes is whether 
the pedestrian uses retro-reflective materials at night (e.g. wearing a reflective vest, carry a 
flashlight, fluorescent cap, 3M Scotchlite strips at pedestrian’s back and torso etc) or not. 
Thus, the next chapter will discuss the literature review related to state of global knowledge 
about factors contributing to pedestrian crashes. 
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CHAPTER 3: LITERATURE REVIEW: STATE OF GLOBAL 
KNOWLEDGE ABOUT FACTORS CONTRIBUTING TO PEDESTRIAN 
CRASHES 
3.1 Introduction 
The theme of this research is to mitigate pedestrian crashes in Ethiopia, by 
characterising pedestrian crash data using multifaceted techniques. Specifically, a pedestrian 
injury crash prediction model using counts and discrete choice models, characterisation of 
crashes and a method of estimation of pedestrian exposure are developed to identify the 
possible causes of pedestrian crashes in Ethiopia. The literature review examines six areas of 
research in connection with mitigating pedestrian crashes. These include: pedestrian data 
needs, crash data problems, factors influencing pedestrian crash risk, factors influencing 
pedestrian injury severity, pedestrian exposure to risk (definition and measurements), and 
crash prediction modelling techniques. 
 
The following section explores the pedestrian data used for pedestrian crash 
investigation. The investigation of pedestrian crashes and injury severity requires a range of 
data to examine risk and exposure factors for pedestrians. These include pedestrian injury 
crash data, an inventory of pedestrian facilities, pedestrian networks, pedestrian activities in 
the road environment, population census data, a national household travel survey and a 
national pedestrian attitude survey (Cottrell & Pal, 2003). Good data quality is a vital 
instrument in understanding the causes of pedestrian crashes. 
 
The third section scrutinises the problem of underreporting of crashes, a serious issue 
in developing countries. Like other developing countries, the Ethiopian Police Commission 
crash record is susceptible to underreporting. As a result, the WHO uses statistical techniques 
to periodically estimate annual road traffic fatalities (WHO, 2009, 2013a) . However, a large 
variation exists between the WHO reports and Ethiopian police figures. There are also 
significant discrepancies in the estimation of underreporting of fatal crashes between the 
WHO reports and a detailed study by the Transport Research Laboratory in Ethiopia 
(Transport Research Laboratory and Ross Silcock Partnership, 2001). 
 
The fourth section examines the risk factors from global knowledge perspectives that 
contribute to pedestrian crashes. There are a range of variables that are responsible for the 
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occurrence of pedestrian crashes. Pedestrian behaviour, driver factors, road environment 
characteristics and vehicle-related factors are examined in this section. The major risk factors 
for pedestrian crashes are: speed, alcohol intoxication while driving and walking, inadequate 
visibility, unavailability of pedestrian facilities and land use planning (WHO, 2013b). 
 
The fifth section explores the factors associated with pedestrian injury severity, and 
recent relevant studies are reviewed. Factors that affect pedestrian injury severity are 
speeding, pedestrian age, size and weight of the vehicle, frontal design of the vehicle, height 
and weight of pedestrians, driver age, alcohol intoxication while walking and driving and 
pedestrian fault (Damsere-Derry, Ebel, Mock, Afukaar, & Donkor, 2010; Kim, Ulfarsson, 
Shankar, & Mannering, 2010; Lee & Abdel-Aty, 2005).  
 
The sixth section explores the definition of ‘exposure’, first described by Carroll in 
1973, to explore the current conditions of driving exposure and problem areas in research into 
exposure (Carroll, 1973). Currently, the approach to estimating pedestrian exposure has not 
been standardised internationally. However, the manner in which current pedestrian exposure 
is measured can be discussed. The benefits and drawbacks of each approach are highlighted. 
Similarly, vehicular exposure is also not standardised worldwide, although the Federal 
Highway Authority (FHWA) of the United States of America has established a standard 
method of measurement. However, precise measurement of exposure is usually unattainable 
(Kirk & Stamatiadis, 2001).  
 
The final section summarises the findings of the abovementioned sections. In this 
section, the findings of the literature review are critically examined and factors related to 
pedestrian crashes are synthesised. The critical gaps in knowledge that exist regarding 
pedestrian crash risk and associated behaviour are identified and a critical research path is 
promoted, with the aim of achieving an improved understanding of pedestrian crash risk, and 
an ultimate goal of identifying effective pedestrian safety countermeasures suited to the 
unique challenges in developing countries. The flow charts for this chapter are given in figure 
3-1 below. 
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Figure 3- 1: Second Level Flow Chart for Literature Review 
 
3.2 Pedestrian Data Needs and Collection Efforts 
Although walking is the most basic indispensable form of human mobility; there is 
little focus from politicians and researchers to establish pedestrian-related databases as the 
field is dominated by other means of transportation (Schweizer, 2005). There are relatively 
few studies with an emphasis on pedestrian data needs and collection methodology. Ideally, a 
comprehensive pedestrian data set would comprise pedestrian injury crash data, an inventory 
of pedestrian facilities, details of pedestrian facility networks, pedestrian activity information, 
population census data, national household travel surveys and national pedestrian attitude 
surveys (Cottrell & Pal, 2003). The methodology of data capturing procedures should be 
emphasised to maintain the quality of pedestrian data (Wootton & Spainhour, 2007).  
 
The pedestrian transportation system is the backbone of less developed countries’ 
economies. However, it is neglected and given little attention by politicians (Guitink, Holste 
& Lebo, 1994; Peng, 2005). There is lack of literature related to pedestrian data needs or 
collection efforts in less developed countries. In contrast, a wide variety of studies have been 
carried out in western countries regarding pedestrian data needs and collection methods. A 
European project on a pedestrian quality needs program (Monterde et al., 2010) revealed that 
pedestrian quality needs were studied from strategic, tactical and operational levels of 
Chapter 3: Literature review: State of global knowledge about 
factors contributing to road crashes 
3.1 Introduction  
3.2 Pedestrian data needs and collection efforts 
3.3 Crash data quality problem  
3.4 Why are pedestrians killed or injured? 
3.5 What are pedestrian injury severity risk 
factors? 
3.6 Pedestrian and vehicular exposure  
3.7 Summary of the findings of the literature  
review and discussion 
41 
 
decision making about pedestrians. The approach of this study identified that data needed by 
researches vary significantly depending on the study types.  
 
While the specific focus of their study was pedestrian travel in Europe, Monterde et 
al., (2010) argue that an improved understanding of pedestrian walking decisions requires 
necessary data included, and recommend scrutinising the age of pedestrians, walking 
decisions, security of pedestrians, and the influencing economic and weather conditions. 
Moreover, social values, including culture, affect the transport choices of citizens. Gathering 
pedestrian data requires a considerable effort, and Monterde et al., (2010) suggest that 
understanding pedestrian transport systems is dependent on the acquisition of basic 
information regarding pedestrian data needs. This information encompasses at least the 
following: 
 pedestrian attitude and behaviour  
 pedestrian beliefs and interests 
 pedestrians´ abilities to manage themselves independently  
 behaviour related specific situations  
 difference in pedestrian attitudes towards built-up areas 
 elder and child pedestrian movements , motives and related factors  
 social value  
 social and cultural environment  
 pedestrian trip characteristics (trip types, time, purpose, etc.) 
 pedestrian crash data 
  availability and quality of a pedestrian facilities network  
 transport system, and  
 Vehicle/equipment 
 
This list is very comprehensive and it may not be possible to acquire these data in 
developing countries due to shortcomings in institutional capacity and funding, however. 
They are useful to understand the strategic, tactical and operational perspectives of pedestrian 
mobility needs and safety in order to acquire the data required for pedestrian safety. 
 
Cottrell & Pal, (2003) evaluated the pedestrian data needs and collection efforts in the 
USA and found that 75% of transport agencies were collecting pedestrian data, and that both 
manual and machine counting were practiced to capture the data. The study found that the 
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links between data, pedestrian problems and countermeasure strategies were not incorporated 
in the database of agencies. Cottrell & Pal, (2003) also identified the importance of manual 
pedestrian data monitoring, in order to capture sustainable data containing the demands and 
behaviours of pedestrians, data collection procedures, explanations about the essence of each 
data, recommendations, and database display procedures. However, they do not mention the 
importance of socioeconomic information, road and built environment features, vehicles and 
pedestrian crash data. In addition, the study discusses risk-related data from the pedestrian 
point of view, but does not incorporate information about drivers and their behaviour. 
 
Similarly, an evaluation and review of pedestrian data collection were carried out in 
the United States as a case study approach, with over 29 agencies collecting data (Schneider, 
Patten, & Toole, 2005). The study reviewed and evaluated the data collected by the agencies 
from the perspectives of pedestrian mobility needs and safety. The findings of the study 
focused on the benefits of data collection methods, as indicated in Table 3-1, however the 
importance of pedestrian data were not discussed (Schneider, et al., 2005).  
 
With regard to pedestrian crashes, the identification of causes and contributing factors 
depend on the quality of pedestrian data and analysis methodology. High quality data are a 
cornerstone to pedestrian crash investigations. The establishment of a database should take 
into consideration the primary needs of all users to enhance the dissemination of reliable 
information on road traffic crashes (WHO, 2004). However, pedestrian crashes (road traffic 
crashes) suffer from underreporting issues, misclassification, overestimation of injury 
severity, and lack of detailed information on crash locations. A study in Florida identified that 
alcohol intoxication while driving and walking, speeding, speed limit, and fault were the data 
fields containing the most mistakes (Wootton & Spainhour, 2007). Apart from this, the state 
database on pedestrian alcohol test results contained errors the majority of the time. This 
suggests that the quality of pedestrian data in developing countries also needs a thorough 
study, as the findings and mitigating strategies rely on the quality of these data.  
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Table 3- 1: Summary of the Findings of Evaluating Pedestrian Data Collection in USA 
(Schneider, et al., 2005) 
Pedestrian data collection 
scheme 
Findings 
Similarity of data collection  
Processes 
 Need identification 
 Data collection planning scheme 
 Data collection 
 Database formulation  
 Data analysis 
 Reporting and disseminating results  
 
Benefits of pedestrian data 
collection 
 Capturing & documenting the change in mobility needs and 
safety over time (pedestrian activities, safety and facilities )  
 Documenting time of day, day of week and season to 
forecast volume of pedestrians 
 Condition survey of pedestrian facilities to identify 
locations needing improvement 
 Data used for pedestrian-related planning 
 Integrating pedestrians in multimodal planning  
 
Possible problems in data 
collection  
 Scarce recourses for pedestrian collections 
 Lack of emphasis on pedestrian data collection by Road 
and Transport authorities  
 Problem of disseminating collected pedestrian data  
 
Other issues   Make tailor-made methods for data collection  
 Improve the capacity of agencies through emerging 
technology  
 Misunderstanding cost of data collection equipment by 
agencies 
 Carry out data collection at regular interval  
 
In Ethiopia, road traffic crash records are documented by the Federal Police 
Commission and the data are mostly in summarised form (Tulu, Washington, & King, 2013). 
In addition to underreporting problems for crash data, it is hard to find pedestrian and driver-
related data. For instance, pedestrian facilities, pedestrian volume, household travel data, 
pedestrian attitude and behaviour data and demographic features of the driving population are 
not readily available. This is because systems to capture these data are not developed, due to 
the limitations of institutional capacity and funding. Pedestrian exposure data is not currently 
captured in most developing countries, inhibiting an understanding of causes of pedestrian 
crashes. Moreover, the coordination among stakeholders of road safety is not strong enough 
to establish a database in Ethiopia (Ethiopian Road Authority, 2005). The definition and 
standardisation of crash data have been formulated based on international practice in 
Ethiopia. Although the road traffic crashes are investigated by police these data suffer from a 
number of limitations (United Nations Economic Commision for Africa, 2009). These 
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include the database missing pertinent details of crashes required for investigating the cause 
of crashes. Moreover, the database does not indicate the precise location of a crash, and the 
police officers responsible for investigating a crash lack basic training and equipment (Tulu, 
Washington, King, & Haque, 2013). Thus, poor data means that it is challenging to 
understand the nature of pedestrian crashes in the country. 
 
3.3 Crash Data Problem 
Poor crash data quality obstructs researchers and professionals’ ability to accurately 
and comprehensively understand the crash problem. The crash data quality features are 
timeliness, accuracy, completeness, consistency, integration and accessibility (Watson, 
McKenzie, Watson, 2011). The issue of quality encompasses: 
 Missing injury severity data. This is a significant problem in developing 
countries. In the case of Ethiopia, the problem of missing data relates to fatal and 
serious injury, as well as slight injury and property damage. In contrast, in 
western countries missing information on minor injury and property damage is 
the main concern. 
 
 Poor crash location information is another problem. The crash location 
information in Ethiopia is described based on the permanent features that are 
available at the site. Sometimes, police use a kilometre post to describe the 
location which may be some distance from the exact crash site.  
 
 Data recording errors occur in several ways. These include under or 
overestimation of injury, misclassification of injury due to negligence, mixing 
other trauma with road traffic injury in hospital records, and others. The 
following section discusses some of the issues mentioned above in detail. 
 
3.3.1 The Problem of Underreporting of Crashes 
Good quality injury data are the platform for identifying the causes of crashes. 
However, the injury records found in police stations and hospitals contain a number of 
discrepancies. This problem is particularly prevalent in developing countries, where 
discrepancies and underreporting of crashes occurs in many jurisdictions. One of the reasons 
is that people may be less willing to call the police due to the socioeconomic and cultural 
context of a society (Aptel et al., 1999). Another possible explanation is that police may not 
include some of the crashes due to negligence or overlooking them (Amoros, Martin, & 
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Laumon, 2006). The remaining reasons include the lack of reports of single vehicle crashes; 
the problem of hospital reporting practices, injuries treated in other ways, and injured persons 
not reporting crashes. Another study observed many mistakes in recording the details of 
crashes in police files (Austin, 1995). This study also verified that crashes involving male 
pedestrians incurring slight injury are often susceptible to significant underreporting.  
 
The underreporting of crashes could be influenced by the following factors (WHO, 
2009): 
 the professions that are responsible for recording the crash information  
 absence of linkage among different groups within states or in the country (e.g. 
police, hospital, and insurance) 
 demarcation of which crashes to include or exempt from recording, for 
instance off-road crashes that have occurred in agricultural areas and residents’ 
compounds  
 the percentage of vulnerable road users, which are most likely underreported 
in many countries  
 
A number of methods have been employed to overcome some of the issues related to 
the underreporting of crash data. First, it is possible to minimise the underreporting of crashes 
by matching police, hospital and insurance data using stochastic methods (Derriks & Mak, 
2007). Secondly, the recording of road traffic fatalities should be standardised using a 30-day 
definition throughout the country. Similarly, non-fatal (serious and slight) injuries also need 
to be standardised. One recent study evidenced that severity weighting can be used to 
overcome some of the influences of underreporting (Washington, et al., 2014). Using these 
methods would raise the quality of crash data, improve the identification of crashes, and 
allow potential solutions to be proposed. 
 
It is believed that road traffic fatalities are not properly documented in most low 
income countries due to a lack of institutional capacity. Similarly, in Ethiopia, police have 
reported quite significant underreporting problems with crash data. Various studies suggest 
that underreporting crash data in Ethiopia is a critical issue to address the rising injury in the 
country (TRL Limited in association with Ross Silcock Ltd, 2001; United Nations Economic 
Commision for Africa, 2009; WHO, 2009, 2013a).  
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On one hand, people with better income prefer not to stand in courts as it may take 
long time and costs in order to settle the case in normal situation. As a result, they negotiate 
with a person/s involved in crashes without going through normal channel. On the other hand, 
some people may economic motive to get involved in crashes intentionally. They tend to 
insist on negotiating to get lump sum money to fulfil their physiological needs for few days. 
These are people with no regular income to fulfil their daily basic needs and by making 
intentional crash with motorized vehicle they will get some negotiated compensation to 
sustain them for a while.    
 
3.3.2 Inaccuracy of Coding or Estimating Injury Severity 
Misclassification of injury severity is one of the problems of police-reported-crash 
data that impacts on understanding the causes of crashes. For example, the ordinal 
classification between police and hospital reports of injury severity have several 
inconsistencies in California (Agran, Castillo, & Winn, 1990). Agran et al., (1990) and 
Brought et al., (2002) revealed that the police injury severity scale poorly matched hospital 
crash records and there was a significant underreporting problem. Police-reported injury also 
had a number of inaccuracies in Victoria, Australia (Ozanne-Smith & Haworth, 1993). In 
general, it also appears that the accuracy of crash record reports declines when the severity 
level decreases (Lopez, Rosman, Jelinek, Wilkes, & Sprivulis, 2000). The problem of 
misclassification of injury severity may be particularly serious in developing countries. In 
Ethiopia, a problem of misclassification of the scale of injury severity was observed during 
the data collection period of this research. This was usually attributable to the negligence or 
lack of appropriate training of crash investigators and data encoder officers. The country does 
have a standard definition of crash injury severity scales (Mebrahtu, 2002), and the practice 
of injury severity classification has existed in Ethiopia for a long time, however, there are 
critical problems due to the capacity of the police officers involved. 
 
Overestimation of injury severity is another problem which introduces bias to police-
reported crashes. One study has shown that police in Victoria overestimated injury severity in 
their records (Ozanne-Smith & Haworth, 1993). Another study also revealed that 70% of 
pedestrians who were classified as severely injured by police were only hospitalised for 
treatment (Sciortino, Vassar, Radetsky, & Knudson, 2005). In France, the problem of 
overestimating injury severity and inaccuracy of classification of injuries for non-fatal 
crashes is serious, as shown in an analysis of police and hospital crash data from 1996–2004 
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(Amoros, Martin, Lafont, & Laumon, 2008). The problem of overestimation has not yet been 
assessed in developing countries but it can be expected that the magnitude is higher than in 
western countries.  
 
3.3.3 Injury Surveillance System in Ethiopia 
Currently, the hospital surveillance records for all trauma are stored in Addis Ababa 
city, which was supported by the World Health Organisation (WHO, 2013b). The 
implementation of an injury surveillance system in Ethiopia began in 2000 with the 
assistance of the WHO. From discussions with the deputy head of the Addis Ababa Health 
Bureau during data collection for this study, it emerges that all trauma, including road crash 
injuries, are registered in a single system and that segregation of road injury crash data 
demands considerable time. One study analysed injury surveillance in six hospitals of Addis 
Ababa (from February to August 2003) and found that road traffic injury accounted for 
45.7% of the total trauma in Addis Ababa (Kebede et al., 2008). The establishment of a 
hospital injury surveillance system in Addis Ababa is good progress, although some 
improvements in the system are needed to enable the separation of road injury records from 
other trauma.  
 
3.3.4 Discrepancies between Ethiopian Police-reported Fatalities and the World Health 
Organisation’s Estimate for Ethiopia 
Road crash data can be obtained from various sources, including police, hospital, and 
insurance reports. The linkages between these sources minimise the probability of 
underreporting, over or under estimation of injuries, and missing or inaccurate coding of 
injuries. However, in Ethiopia as well as many developing countries, the crash database 
suffers from such problems. The WHO has classified the quality of crash databases of 
countries around the world. Most low income countries are categorised as poor; however, the 
databases of richer countries that have good quality data are rated as good, and are used as a 
basis to develop models for the prediction of annual fatalities in low income countries. As a 
result of the classification, global status reports on road safety are prepared by estimating 
road fatalities in countries with a poor database using statistical methods for 78 middle and 
low income countries (WHO, 2013a). In the case of countries that have a good quality crash 
data, the WHO report is adopted as a base for the estimation of road fatalities in poor 
countries’. The following sections will discuss the Ethiopian police-reported road traffic 
crash database, the discrepancies between the Ethiopian police-reported road crash fatalities 
and the WHO estimates, and the conclusions that can be drawn. 
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The crash database in Ethiopia is classified as a poor database (WHO, 2013a). Lack of 
accurate and comprehensive crash data is a major problem for accurately understanding and 
diagnosing road traffic crashes. However, the current practice in Ethiopia is that crash data 
are captured at district levels, and the summarised crash data are reported to regional 
governments each month. Finally, each regional government reports the consolidated crashes 
to the Ethiopian Federal Police Commission each year. The non-fatal crashes are expected to 
suffer substantial underreporting problems, since Ethiopians sometimes settle the cases, 
particularly minor injury and property damage cases, amicably and without involving the 
authorities. In contrast, it is believed that the underreporting problem in fatal road crashes is 
minimal. The reasons for this are twofold. First, third-party liability insurance is a legal 
requirement in the country, and provides compensation for parties who are involved in road 
traffic crashes. As a result, the families of those who are involved in fatal crashes often report 
to the police, which then make them eligible for compensation. The other reason is that fatal 
crashes are a crime which can put the driver in jail for up to fifteen years. Most of the citizens 
are aware of this traffic law in the country. Currently, the main source of crash data in 
Ethiopia is the police report database (United Nations Economic Commission for Africa, 
2009). However, this database is susceptible to underreporting of fatal and non-fatal crashes, 
causing it to be categorised as maintaining poor crash data quality by the WHO (2009). As a 
result, WHO estimates the annual road traffic fatalities of Ethiopia statistically, instead of 
using the database, when it prepares the global status report on road safety. Ethiopian police-
reported road traffic fatalities are significantly different to the WHO estimated traffic 
fatalities for the country. This implies that WHO’s estimation method for fatal crashes needs 
to be scrutinised. The next section discusses the WHO’s method of estimation which was 
applied to expected annual average road traffic fatalities (WHO, 2009, 2013a).  
 
To circumvent the underreporting problem in the crash databases of many countries, 
the WHO estimates the annual number of fatalities based on a negative binomial regression 
model. To estimate the expected annual average road traffic fatalities as accurately as 
possible a count regression model is used. The selection of count models and explanatory 
variables requires caution as accuracy depends on the choice and quality of explanatory 
variables, and the superiority of the statistical methodology used. The assumption used to 
estimate road traffic fatalities follows the Poisson distribution (WHO, 2009, 2013a). For 
instance, the World Health Organisation estimated that fatal crashes in Ethiopia numbered 
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29,114 in 2007 using a negative binomial regression model, whereas the Ethiopian police-
reported road traffic fatalities were 2,441 in 2007 (WHO, 2009). The significant difference 
between the two reports poses questions and it would be worthwhile investigating the 
methodologies, as this difference could substantially affect remedial measures proposed by 
researchers. The statistical methodology that was applied for this estimation of road traffic 
deaths in 2007 was more rigorous compared to the estimates in 2010 since there are omitted 
explanatory variables. The total vehicle population in the country in 2007 was 241,441 
(WHO, 2009). The implication is that approximately 10 per cent of the vehicle population 
was involved in a fatal traffic fatal crash, and that 80 fatalities occurred per day in the 
country. From personal observation as an Ethiopian citizen, these estimates do not reflect 
actual road traffic fatalities in the country.  
 
The most recent WHO report (2013) acknowledged the weakness of previous 
methodology used to estimate road traffic deaths, due to the absence of some vital variables 
that better explain road traffic fatalities (WHO, 2013a). Improvements have been made in the 
latest version of the report which incorporates additional explanatory variables (WHO, 
2013a). The report detailed the questionnaires that have been developed and distributed 
around the world. The latest questionnaire, distributed in 2011, included new indicators. As a 
result, the estimated road traffic deaths for Ethiopia were 14,606 in 2010, signifying a great 
improvement (WHO, 2013a). The reason for this significant reduction in five years was not 
indicated in the report. The police-reported figure, however, was higher in 2010 than 2007 
with 2,581 road traffic deaths reported. 
 
The model used in estimation of expected annual road traffic fatalities was a negative 
binomial regression. The negative binomial regression is shown below (WHO, 2013a). 
 
  PopXXXCNLn nn ln.....2211                          (2) 
 
where N is the average number of road traffic deaths for a country in a year, C is a 
constant which is estimable, nX   are explanatory variables, Pop is the population for the 
country in a given year, and ε is the error term. The parameters (in the equation above) were 
estimated by fitting the negative binomial regression model to estimated total road traffic 
deaths from death registration data for all country-years in the range 1950-2010 meeting the 
completeness criteria (Group 1). The covariates used in the model included: 
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• Ln (GDP) 
• Ln (vehicles per capita) 
• Road density 
• National speed limits on rural roads 
• National speed limits on urban roads 
• Health system access 
• Alcohol – apparent consumption 
• Population working 
• Percentage motorbikes 
• Corruption index 
• National policies for walking / cycling  
• Population 
 
However, the explanatory variables mentioned previously and shown above are weak 
in explaining the number of crashes of a country. For instance, the discrepancy between the 
Ethiopian police-reported road traffic fatalities and the WHO estimates show considerable 
differences which require justifications. Despite reconciliation between the two reports, the 
WHO’s estimation reported in 2013 is not stable, given the almost fifty per cent reduction 
after five years. The justification given for the most recent estimate is the incorporation of 
additional explanatory variables in the model (WHO, 2013a) to estimate reliable figure.  
 
However, one study estimated actual fatalities to be 20 to 30 per cent higher than 
those reported by the Federal Police Commission in Ethiopia (Transport Research Laboratory 
and Ross Silcock Partnership, 2001). This study was a preliminary study which did not show 
the details of the reconciliation between police and hospital reported road traffic fatalities. 
Another study on the Addis Ababa-Modjo-Awassa Road indicated that police-reported 
figures captured 57.4% -60.9% of fatalities and 23.5-23.9% of injuries, while 31.5%–33.4% 
of fatalities and 55.2%-56% of injuries were captured in the hospital reported data (Abegaz et 
al., 2014).  The study took a one year sample from June 2012 to May 2013 using a captured-
recapture method of analysis. Hence, both two studies were small-scale preliminary studies 
that assessed underreporting road traffic crashes problem in the country.  
 
In conclusion, the problem of the quality of crash databases is inevitable in Ethiopia 
and in other developing countries. The quality of crash databases may hinder the ability of 
investigators to understand the real causes of crashes, and therefore the underreporting of 
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road traffic crashes should be given more emphasis by policy makers. In addition, further 
investigation is needed to minimise the underreporting of road traffic crashes and the 
discrepancies between the different reports in Ethiopia. A possible solution lies in greater 
linkage between police, hospital and insurance crash records (Blakely &Salmond, 2002; 
Clark & Hahn, 1995). 
 
3.4 What are Pedestrians Injury Crash Risk factors? 
Factors that are responsible for pedestrian fatalities and injuries can be categorised 
into driver, pedestrian, road environment, and vehicle factors (Heinone & Eck, 2007; 
Swaddiwudhipong, et al. 1994). A recent study suggests that the major risk factors which 
escalate the risk of pedestrian death and injury are travelling speed, inadequate visibility, 
absence of pedestrian facilities, alcohol intoxication while driving and walking, insufficient 
enforcement of traffic laws, unsafe driving practices, driver fatigue, illegal crossing and 
playing on roadways (WHO, 2013b). 
 
Pedestrian risk factors identified from previous studies are summarised in Table 3-2, 
including the number of articles incorporated into this literature review. In addition, a 
summary of the literature on factors that influence pedestrian crashes, with the analytical 
methods used, the authors and the risk factors can be found in Table 3-3.  
 
Risk factors like speeding, inadequate pedestrian visibility, alcohol impaired driving 
and walking, and the absence of pedestrian facilities were discussed in the conceptual 
framework section (Chapter 2) as they are major risk factors for the occurrence of pedestrian 
crashes. Moreover, unsafe (Aggressive) driving practices are another risk factor for 
pedestrians. One study suggested that aggressive driving practices include (Tasco, 2000): 
 following too closely  
 weaving in and out of traffic  
 passing in the wrong direction  
 passing on the road shoulder  
 improper lane changing  
 reluctance to give priority to pedestrians 
 blocking other drivers and pedestrians from passing 
 reluctance to extend assistance to pedestrians and motorists unable to merge or 
change lanes due to traffic conditions 
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 driving at excessive speed over the speed limit which results in tail gating and 
frequent unexpected or sudden lane changing 
 running stop signs and red lights 
 
Table 3- 2: Summary of Number of Papers Found to Identify Risk Factors for Pedestrian 
Crashes 
Major 
classification  
Risk factors  No. Papers 
identified 
Human factors  Speeding 7 
alcohol impaired driving 3 
alcohol impaired pedestrians 4 
male drivers 1 
driver distraction 1 
illegal crossing and playing on roadway 3 
age of pedestrians 1 
aggressive driving 2 
Vehicle factors  size and weight of vehicles 2 
defective brake, steering system problem, improper 
functioning headlights and defective tyres 
1 
Road environment  absence of footpath 2 
inadequate visibility 3 
absence of median 1 
campuses, and school areas 2 
inadequate traffic control device  1 
Socioeconomic  poverty and low income 3 
 
Aggressive or emotional driving practices can be summarised as intentional acts of 
aggression toward others, negative emotions experienced while driving, and risk-taking 
(Dula& Geller; CTC & Associates LLC WisDOT Research & Library Unit, 2009; O’Brien, 
S. R., 2011). As each of these factors contribute to exposing pedestrians to an increased risk 
of crashes, they all need to be addressed to save human lives.  
 
Driver distraction and driver fatigue also heighten the risk of pedestrian crashes. 
Driver distractions, including mobile phone use, pose a serious problem. One study done in 
the USA reveals that driver distraction is a major cause of crashes, and the main source of 
driver distraction is the driver shifting attention away from the driving task because of events, 
activities or persons within or outside the vehicle (Stutts, Reinfurt, Staplin, & Rodgman, 
2001).Mobile phones have become a major problem in distracting drivers (WHO, 2013b). In 
addition, driver fatigue increases the number of road user fatalities (Hyder, Ghaffar, & 
Masood, 2000). Thus, driver distraction and driver fatigue are both major sources of risk for 
crashes.  
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Table 3- 3: Summary of the Literature on Factors that Influence Pedestrian Injury Crashes 
Factors Sub factors Analytical method  Authors Risk Factors  
Human  
factors  
Pedestrians  -logistic regression models 
-χ2-test, Fisher's exact test, and 
test for trend in contingency table. 
-ordered probit model 
-descriptive statistics 
-Miles- Doan (1996) 
-Ostro¨mand Eriksson 
(2001) 
-Lee & Abdel-Aty, 
(2005) 
-Monterde et al., (2010) 
-alcohol impaired pedestrians  
-alcohol impaired pedestrians 
 
-alcohol impaired pedestrians 
 
-alcohol impaired pedestrians 
-qualitative analysis 
-qualitative analysis 
-descriptive statistics 
-Híjar et al., (2003) 
-Tulu et al., (2013) 
-Monterde et al., (2010) 
-dangerous crossings, poor pedestrian behaviour 
-illegal crossing  
-playing on the roadway 
 -descriptive statistics  -Holubowycz, (1995) -age of pedestrians 
Drivers - Logistic regression 
-multivariable logistic regression  
-logestic regression 
 
-previously developed model 
- survey 
-descriptive statistics 
 
-Binary logistic regression & 
a probabilistic neural network 
-Kong & Yang (2010) 
-Tefft, (2013) 
-Rosén& Sander, 
(2009) 
Gårder (2004) 
-WHO, (2013) 
-Lefler&Gabler, (2004) 
Oh et al. (2008) 
-impact Speed 
-impact Speed 
-impact Speed 
 
-impact Speed 
-impact Speed 
-impact Speed 
 
-impact speed 
-exact binomial tests and 
conditional logistic-regression 
analyses 
Redelmeier&Tibshirani, 
(1997) 
-driver distraction( mobile phone call) 
-log-linear analysis -Mohamed Abdel-Aty 
et al., (2007) 
-alcohol-impaired driver 
-log-linear analysis -Mohamed Abdel-Aty 
et al., (2007) 
-male drivers 
-descriptive statistics 
-Chi square  
-Retting et al., 1999  
-Moyano Diaz, (1997) 
-aggressive driving 
-aggressive driving 
Vehicle 
 Factors 
Vehicle 
factors 
-descriptive statistics 
 
-ordered probit model 
 
-Lefler&Gabler, (2004) 
-Lee and Abdel-Aty, 
(2005) 
- Yang et al., (2000) 
-type of vehicle (size and mass) 
-size and mass 
-car-front parameters: bumper height, bumper stiffness, 
bumper lead distance, height of hood edge, and hood-edge-
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-human-body 3D mathematical 
model 
stiffness 
Road  
environment  
Road 
features  
-negative binomial model 
 
-stepwise multivariate regression 
 
-Poisson and NB regressive 
models 
-Schneider, 
Ryznar&Khattak, 
(2004) 
- Preusser et al. (2002) 
 
-Zegeer et al., (2002) 
-incomplete footpaths and high crosswalk density 
 
-right of way at a signalised intersection 
 
-absence of median 
-households survey  -Butchart et al. (2000) -inadequate traffic control devices and traffic signals 
-review of previous studies 
 
-analysis of variance (ANOVA) 
 
-descriptive statistics  
-Langham & Moberly, 
(2003) 
-Tyrrell, Wood 
&Carberry (2004) 
-Monterde et al., (2010) 
-inadequate visibility at night 
 
-inadequate visibility at night 
 
-inadequate visibility of stationary or parked vehicles 
Land use -GIS analysis of pedestrian crash 
locations 
-log-linear analysis 
-Schneider et al. (2001)  
-Mohamed Abdel-Aty 
et al., (2007) 
-campuses 
- areas near schools 
Socioeconomic Low 
income 
 -LaScala et al. (2000) 
-Kim et al. (2010) 
-Torbic et al. (2010)  
- low income 
- low income 
- low income 
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Another risk factor is absence of supervision of children, which exposes those who are 
too young to understand and judge the complex road environment to higher risk of crashes 
(Schieber & Vegega, 2002). The problem of lack of supervision of children is more 
pronounced in low income countries like Ethiopia. Children, particularly males, often spend 
their time after school and at weekends in the roadway environment, particularly in lower 
socioeconomic areas. They play football on the roadway or may stand and chat with their 
friends. While adults are concerned about the safety of their children, their knowledge and 
economic responsibilities prevent them from adequately supervising child pedestrians. To 
counter this, one study suggests that strategies are required to reduce the vulnerabilities of 
children in different demographic groups (Schieber & Vegega, 2002). Remedial measures can 
target caregivers to increase their ability to supervise their children. 
 
Older pedestrians (age 65 and over) are overrepresented in pedestrian crashes (Oxley, 
Corben, Fildes & O’Hare, 2004). Old age groups are vulnerable road users due to many 
factors.  First, they take longer reaction time to respond in road environment and slow walking 
speed to cross the road which could expose them to higher crash risk. Moreover, due the 
results of aging, their mental and physical ability, sensory organs and perception may be 
weaker, resulting in slower comprehension and reactions in the dynamic road environment 
(Oxley et al., 2004). Apart from these, road environments are not designed to account for 
elderly pedestrian needs, particularly in developing countries. These elder pedestrian 
problems can be partly addressed by designing road environment that are more suited to older 
pedestrians (Retting, Ferguson and McCartt, 2003). Physical and functional impairments of 
older pedestrians in the road environment could be tackled by reducing the frequency of 
travel, avoiding complex road environments, and allowing more time to understand traffic 
situation (Oxley et al., 2004). Campaigns and advertisements may help create awareness about 
pedestrian safety focusing elderly age group.  
 
Poor vehicle condition and vehicle defects intensify the risk of pedestrian injury 
crashes. Vehicle factors include defects such as poor brakes, inadequate lights, windscreen 
damage, inadequate or unsafe tyres, and steering faults (Botha & Walt, 2006; WHO, 2013b). 
Vehicle factors are a serious issue in low income countries as most of the vehicles in use have 
already finished their useful lives. For instance, in Ethiopia, motorised vehicles fifteen years 
and older account for 65% of the total vehicle population (Akloweg, Hayshi, & Kato, 2011). 
Extended vehicle age results in a large number of non-roadworthy vehicles, with potential 
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problems such as defective brakes, steering system problems, improperly functioning 
headlights and defective tyres (Odero, Khayesi, & Heda, 2003). This high proportion of 
defective vehicles contributes to both the occurrence and severity of pedestrian injury in 
crashes. 
 
The road environments in developing countries are very complex (Mohan, 2002) and 
this contributes to road user exposure to crashes significantly. Roadway and site 
characteristics are major factors which escalate the risk of crashes involving pedestrians. 
Pedestrian crashes often cluster in densely populated areas such as the Central Business 
District due to the complexity of the road environment (Alavi, Charlton, & Newstead, 2013) 
in cities. Similarly, hierarchy of roads, land use and transit types influence pedestrian 
movements and crashes with pedestrians (Miranda-Moreno, Morency, El-Geneidy, 2011). In 
particular, the absence of footpaths encourages pedestrians to share roadways with motorised 
traffic, which in turn increases the conflicts between pedestrians and vehicles (WHO, 2013b) 
and ultimately significantly increases their exposure to crashes. To minimise the risk of 
crashes due to the road environment, Retting, Ferguson, & McCartt (2003) suggest that the 
contribution of the road environment can be compensated for by controlling speed, separating 
pedestrians from motorized vehicular traffic, and increasing the visibility and conspicuity of 
pedestrians. 
 
3.5 What are Pedestrian Injury Severity Risk Factors? 
Many factors contribute to pedestrian injury severity when a pedestrian is struck by a 
vehicle. Analysis of pedestrian injury distribution in UK hospitals showed that the most 
common pedestrian skeletal lower body injuries in pedestrian fatal crashes were the tibia 
(30%), fibula (25%), pelvis (21%) and femur (14%) (Edwards & Green, 1999). The 
distribution of pedestrian injury due to impact forces is shown in Table 3-4 (Mizuno, 2005). 
 
Table 3- 4:: Main Pedestrian Body Regions Injured and their Frequency (Mizuno, 2005) 
Injury body region % 
Head 31.3 
Face 4.2 
Neck 1.4 
Chest 10.3 
Abdomen 5.3 
Pelvis 6.3 
Arms 8.2 
Legs 32.6 
Unknown 0.4 
Total 100 
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The factors that are associated with pedestrian injury and fatality can be classified as 
vehicle factors, pedestrian factors, driver factors and road environment factors. These factors 
are discussed below. The relevant papers and risk factors are tabulated in Table 3.5. The 
details of factors, analytical method, authors and risk factors investigated for injury severity 
and fatality with a consideration of the quality of evidence are listed in Table 3-6. 
 
Table 3- 5: Summary of Number of Papers Found to Identify Risk Factors for Pedestrian 
Injury Severity 
Main classification  Risk factors  Number of papers  
Vehicle factors Size and weight of the vehicle 7 
Front design vehicle 2 
Vehicle type and distance travelled 1 
Human factor Male pedestrians (gender) 4 
Pedestrian age 8 
Alcohol impaired pedestrians 3 
Pedestrian at fault 1 
Speeding 4 
Driver age 3 
Road environment Road pavement 1 
Road pavement condition 1 
Nighttime 2 
Daytime 2 
School & campus 2 
Commercial area 1 
Connectivity & transit accesses(negatively associated ) 1 
Exposure Average Daily Traffic Volume (AADT) 1 
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Table 3- 6: Summary of Literature Review on Factors that Influence the Pedestrian Injury Severity Level 
Factors Analytical method  Authors Risk Factors investigated 
Fatality Injury severity 
Vehicle 
Factors 
-multinomial logit model 
-ordered probit model 
- multinomial logit model 
-relative risk 
- logistic regression 
- logistic regression 
-Damsere-Derry et al. (2010 ) 
-Lee and Abdel-Aty (2005)  
-Roudsari et al. ( 2004) 
- Paulozzi, (2005) 
-DiMaggio et al., (2006) 
-Leung et al., (2013) 
-size and weight of the vehicle **** 
-size and weight of the vehicle **** 
- size and weight of the vehicle****  
- mass of vehicle*  
-vehicle weight*  
-heavy vehicles** 
-size and weight of the vehicle****  
-size and weight of the vehicle**  
 
 
relative risk - Paulozzi, (2005) front design vehicle   
 
Pedestrian 
 Factors 
 
-ordered probit model 
-mixed logit model 
- Mann– Whitney U test 
-binary logistic regression 
 
-Tarko & Azam, (2011) 
-Kim et al. (2010) 
-AlEassa & Abu-Zidan (2013) 
-Sze & Wong, (2007) 
 
 
male pedestrians (gender)*** 
 
male pedestrians (gender)****  
male pedestrians (gender)*** 
male pedestrians (gender)** 
male pedestrians (gender)** 
-ordered probit model 
-ordered probit model 
-ordered probit model 
-multinomial logit model 
-binary logistic regression 
- ordered probit model 
- ordered probit model 
-logistic regression  
-Wang, Haque, & Yun, (2013) 
-Tarko & Azam, (2011) 
-Zajac and Ivan (2003) 
-Damsere-Derry et al. (2010 ) 
-Sze & Wong, (2007) 
- Clifton et al., (2009) 
-Clifton et al., (2009) 
-Leung et al., (2013) 
older pedestrians (+65)**** 
older pedestrians (+65)**** 
older pedestrians (+65)**** 
older pedestrians (+65)** 
older pedestrians (+65)** 
child pedestrian * 
older pedestrians** 
older pedestrian**** 
elder pedestrians (>65)**** 
elder pedestrians (>65)**** 
elder pedestrians (>65)**** 
- 
- 
child pedestrian * 
elder pedestrians(>65)*** 
-ordered probit model 
-ordered probit model 
-mixed ordered logit 
 
-Zajac and Ivan (2003) 
-Lee and Abdel-Aty (2005)  
-Eluru et al. (2008) 
 
 
 alcohol intoxicated walking *** 
alcohol intoxicated walking *** 
alcohol intoxicated walking ** 
-ordered probit model -Lee and Abdel-Aty (2005)  pedestrian at fault * pedestrian at fault * 
Road  
environment 
factors  
-ordered probit model 
-ordered probit model 
- ordered probit model 
-simulation 
- logistic regression 
-Rifaat & Chin (2007 ) 
-Wang, Haque, & Yun, (2013) 
- Clifton et al., (2009) 
- Matsui, (2013) 
-DiMaggio et al., (2006) 
Night-time**** 
Night-time**** 
daylight** 
 
-road surface condition* 
Night-time*** 
Night-time**** 
daylight** 
road pavement 
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****=P < 0.001 Very strong evidence, ***=0.001 < P < 0.01Strong evidence, **=0.01 < P < 0.05Moderate evidence,*=0.05 < P < 0.10 weak evidence, inconsistency in evidence  
- logistic regression -Leung et al., (2013) -wet road surface** 
-ordered probit model 
-mixed logit model 
-ordered probit model 
-Wang, Haque, & Yun, (2013) 
-Kim et al. (2010) 
Clifton et al., (2009) 
 
school Zone** 
commercial areas*** 
connectivity & transit accesses ** 
(negatively associated )  
school Zone** 
commercial areas*** 
connectivity & transit accesses ** 
(negatively associated ) 
Driver  
Factors 
-multinomial logit model 
-ordered probit model 
- multinomial logit mode 
-heteroskedastic logit 
analysis 
-Damsere-Derry et al. (2010 ) 
-Wang, Haque, & Yun, (2013) 
-Roudsari et al. ( 2004) 
--Kim, et al., (2008) 
 
speeding**** 
speeding**** 
- 
speeding** 
 
- 
speeding**** 
speeding**** 
speeding** 
 
-ordered probit model 
-mixed logit model 
-ordered probit model 
-Rifaat& Chin (2007 ) 
-Kim et al. (2010) 
-Wang, Haque, & Yun, (2013) 
 
driver age*** 
driver age****  
driver age** 
driver age*** 
driver age****  
driver age** 
Exposure  -logistic regression -Roberts et al. (1995) -traffic volume -traffic volume 
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3.5.1 Vehicle Factors 
The vehicle factors include weight of the vehicle, impact speed and vehicle design 
features, each of which is discussed below.  
 
Weight of vehicle: the weight of the vehicle involved is one of the factors that 
influence the severity of injury of pedestrians. Studies conducted in the USA showed that the 
weight of the striking heavy vehicle was related to the highest risk of severe and fatal injuries 
of pedestrians (Henary, Crandall, Bhalla, Mock, & Roudsari, 2003; Kim, Ulfarsson, Shankar, 
& Kim, 2008). The kinetic energy depends on the mass of the vehicle, and has a linear 
relationship with severity of injury. However, the influence of vehicle weight on pedestrian 
injury severity is diminished when impact speed is controlled (Ballesteros, Dischinger, & 
Langenberg, 2004), as the quantity of kinetic energy is more dependent on the speed of the 
vehicles at the point of collision. In Ethiopia, the analysis of six years of road traffic crashes 
strongly evidenced that heavy vehicles were involved in the majority of crashes during the 
analysis period (Tulu, Washington, & King, 2013). This finding suggests that the weight of 
vehicles is one of the contributing factors increasing the severity and frequency of pedestrian 
crashes. 
 
Speed: the impact of speed on the severity of pedestrian injury has been assessed in 
many studies and is related to kinetic energy (Gårder, 2004; Kim, et al., 2008; Lee & Abdel-
Aty, 2005).The energy dissipated during the striking of pedestrians can be expressed in 
kinetic energy where [Kinetic energy = ½ (mass x velocity
2
 )]. The increments of speed 
exponentially increase the risk of fatalities or severe injury (see Figure 3-2). The increment of 
5 km/h results in a rise of pedestrian injury by 3.4 units on average (Henary, et al., 2003). 
Impact speed is one of the factors that increase the severity of pedestrian injury. 
 
Figure 3- 2: Effect of Impact Speed on Pedestrian Fatality and Injury (Leaf & Preusser, 1999) 
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Vehicle design safety features: vehicles can be designed to protect or reduce the 
injury severity of pedestrians when they come into contact. There was little attention paid to 
the exterior parts of vehicles to improve safety for pedestrians (Crandall, Bhalla, & Madeley, 
2002). When a pedestrian is struck by a car the sequential events that follow are influenced 
by the exterior design of the vehicle. Bumper height, front bumper lead, geometry, 
orientation, lead angle, bonnet surface, windscreen frame, and stiffness and shape of the 
vehicle are some vital considerations in the design of vehicles (McLean, 2005). Recently, 
many developed countries have created standards for these aspects of the front part of 
vehicles to enhance pedestrian protection (Hu &Klinich, 2012). As most pedestrian crashes 
occur at the front of the car (Crandall, et al., 2002), pedestrian friendly fittings are critical to 
reduce pedestrian injury severity. These include elements such as bluntness and hardness of 
the impact points, and pedestrian safety technologies such as pop-up bonnets or energy 
absorbers. 
 
3.5.2 Pedestrian Factors 
Pedestrian factors include age, weight, height, physical strength, health status and the 
direction and distribution of force, each of which are discussed below. 
 
Age: the age of pedestrians is an influential factor in severity of injury of pedestrians. 
Studies have identified that the risk of injury severity increases with age, and elderly 
pedestrians (65 years and over) are often overrepresented in injury severity statistics 
Pedestrians aged 25-64 appear to have the lowest injury severity (Damsere-Derry, et al., 
2010; Lee & Abdel-Aty, 2005; Obeng & Rokonuzzaman, 2013; Wang, Haque, Chin, & Yun, 
2013; Zajac & Ivan, 2003). Younger pedestrians (aged 15-24) were susceptible to more 
severe injuries in some studies (Rifaat & Chin, 2007; Sze & Wong, 2007), although these 
findings are inconsistent, with other studies reporting contradictory results to those discussed 
above (DiMaggio, Durkin, & Richardson, 2006).  
 
Weight and height: Posture (standing erect, lying on the road) and weight of 
pedestrians is related to injury severity. The injury severity of pedestrians increases in heavier 
people as total energy dissipated can have two components: the impact speed of the vehicle 
(1/2 mv
2 
) and the laid down energy of the pedestrian (mass of pedestrian times gravitational 
force times height the pedestrian falls). It is therefore assumed that the height of a pedestrian 
is another factor which also intensifies the degree of severity. The stability to resist the 
impact force depends on the height of the pedestrian, and the concept of buckling/slenderness 
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theory can be borrowed from structural engineering to assess the instability of a pedestrian in 
a severe injury situation. However, the association between pedestrian injury severity and 
weight/height of pedestrians has not been examined by researchers. As a result, there is no 
available literature related to this topic. 
 
Physical strength and health status: Physical strength and health status is related to 
the age of pedestrians, and influences the risk of injury severity. Although previous studies on 
this topic are not currently available, it is generally understood by researchers (Kim, 
Ulfarsson, Shankar, & Mannering, 2010) that better health and strength of pedestrians leads 
to a reduction in the severity of injury. 
 
Direction and distribution of impact force: the direction and distribution of impact 
force can intensify the injury to a wide variety of pedestrian body regions depending on the 
speed and design of the vehicle encountered.  
 
3.5.3 Road Environment 
Although most pedestrian crashes occur in urban environments, severe pedestrian 
crashes also are experienced in rural parts of Ethiopia (Tulu, 2007). Similarly, other studies 
have found that pedestrian crashes in rural areas are more severe than those in urban road 
environments (Lee & Abdel-Aty, 2005; Zajac & Ivan, 2003). One possible reason is that 
drivers navigate with a higher operating speed in rural road environments than urban 
environments. The other is that there might be more underreporting of less severe injury in 
rural areas. Other road environment factors that affect the severity injury of pedestrians 
include inadequate lighting, school zone, and types of road pavement. Details are shown in 
Table 3-6.  
 
The physical environment or road pavement type on which a pedestrian lands or lies 
down can intensify the severity of injury. Energy absorption and injury depend on the degree 
of rigidity of the road pavement type. One Japanese study confirmed that the severity of 
pedestrian injury from the road pavement was more severe than injury acquired from the 
front of vehicles (Matsui, 2013). 
 
3.5.4 Driver Factors 
Driver factors have been well investigated, and drivers who are intoxicated while 
driving are more likely to cause severe injury to pedestrians (Eluru, Bhat, & Hensher, 2008; 
Kim, et al., 2008; Kim, et al., 2010; Zajac & Ivan, 2003). Speeding is another determinant of 
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pedestrian injury severity, as confirmed by many researchers (Damsere-Derry, et al., 2010; 
Kim, et al., 2010; Wang, et al., 2013). Driver age is also related to injury severity, where the 
older the driver, the greater the severity (Wang, et al., 2013). 
 
3.6 The Uniqueness of Pedestrian Safety Issues in Developing Countries 
Factors like walking at night, fatigue, walking along roads, illegal crossing behaviour, 
socio economic factors, alcohol and drug impaired walking, poor transport planning, absence 
land use planning, rapid population growth, lack of road safety education, poor enforcement 
of traffic regulation, high annual motorization growth, percentage of two and three wheelers, 
and institutional capacity will be covered in the next chapter from the context of developing 
countries. This section gives more emphasis on the scarcity of public transport, 
heterogeneous traffic environments, lack of protective devices, absence of timely care, fast 
unplanned urbanization, and rehabilitation services. 
 
In developing countries, there is a significant motorised transport challenge which 
means that the demand of transport exceeds the supply. As a result, walking is main mode of 
transport in many developing countries. For instance, nearly 55-60 per cent of urban trips in 
Addis Ababa involve walking mode of transportation (Assefa, 2013; Cox, 2012).  The 
percentages of other modes of transportation are given in Figure 3-3. 
 
 
Figure 3- 3: Share of Various Modes of Transportation in Addis Ababa (Assefa, 2013). 
Walking, 55% 
Buses, 16% 
Taxis, 24% 
Other Vehicle, 5% 
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Although there are only a small number (around 700) of Addis Ababa city buses 
(Assefa, 2013), they are often involved in serious crashes due to the number of reasons. First, 
the lack of reliable service, particularly during peak hours, means that many people choose to 
walk instead of taking a bus, which increases their exposure to risk. In addition, the lack of 
services means that the buses that do operate often carry overloaded passengers than 
recommended which put passengers and pedestrian at risk of crashes. Finally, most of them 
are operated beyond their useful life or old buses which most likely have technical problem. 
 
The heterogeneous traffic environments in developing countries create a greater 
exposure to risk of crashes. The driving tasks in this environment are very complex since 
traffic patterns are so different from affluent countries (Mohan, 2002). The traffic in 
developing countries includes a higher share of pedestrians, but vehicle and road environment 
design do not take pedestrian safety into account. Moreover in developing countries, due 
mainly to a lack of policy and industry support, road and vehicle design are adopted from 
western countries without considering the different pedestrian safety needs of less developed 
countries. For instance, the scarcity of pedestrian footpaths in developing countries means 
that their capacity does not cater for the travel demand of pedestrians. The reasons for the 
more heterogeneous traffic environment in less motorized countries, and particularly in urban 
environments are: the majority of the population are low-income and living in squatter towns, 
a significant proportion of vehicles are non-motorized, the percentage of two and three 
wheelers is significant, the population density is high, there is an absence of land use 
planning and a severe scarcity of resources (Mohan, 2002). Solutions for these risk factors are 
not readily available in these cases and an innovative approach is needed to formulate new 
policies and road environment design.  
 
The lack of use of protective devices heightens the risk of crashes, as well as the 
injury severity of pedestrians involved in crashes. In the case of developing countries, 
protective devices to minimize the likelihood of crashes and degree of severity are rarely 
used. A study done in Nigeria confirmed that 89.2% of 250 randomly selected commercial 
motorcycle drivers had poor knowledge of protective devices (Sufiyan & Ahmad, 2012). 
Another study revealed that effort and commitment is lacking in regards to vehicle 
modifications for pedestrian safety (Crandall, Bhalla & Madeley, 2002); however, many 
efforts have been made to protect car occupants and also to increase the survival rate in 
developing countries. Although alterations of the design of the fronts of vehicles have been 
  
 
 
65 
 
carried out the progress in improving pedestrian safety cannot be significant achieved. 
Another example of the lack of protective devices is the absence of retro-reflective materials 
worn by pedestrians at night. This is likely due to severe resource limitations and a lack of 
awareness in these countries. 
 
Absence of timely care for injured road users is also a major problem in less 
motorized countries. This risk factor influences the consequences of injuries sustained from 
crashes. Some factors related to the lack of timely care for pedestrians are (Kiran & Saralaya, 
2004):- 
 An absence of crash detection systems  
 Lack of protection materials for post collision fires  
 An absence of rescue and evacuation activities 
 Lack ambulance services to health facilities 
 Lack of first aid prior to arriving at health centre, and  
 Lack of timely post-crash care intensifies pedestrian injury 
severity which is often associated with resource limitation and lack 
trained manpower in the field.  
 
Fast urbanization in developing countries has had an adverse impact on road 
environments, which has resulted in traffic congestion, delays in movement, and higher 
numbers of crashes (Mudzengerere & Madiro, 2013). The rapid urbanization comes with 
unplanned development and shanty cities. There is a direct relationship between this rapid 
urbanization and the deterioration of pedestrian safety, as economic constraints and limited 
public transportation lead to a high percentage of pedestrian traffic.   
 
Trauma care and rehabilitation services are poorly developed in low income countries 
(Gosselin, Spiegel, Coughlin & Zirkle, (2009). Despite the burden of traffic injury crashes, 
the treatment of injuries in developing countries has not been well researched or organized 
due to the resource limitations. This implies that the poor post-crash care can magnify the risk 
of injury severity, which is in turn associated with an increase in severe injuries and 
deaths. In contrast post-crash services in western counties are well funded and much research 
has been undertaken to minimize impact of injury-related disability. 
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3.7 Pedestrian and Vehicular Exposure 
3.7.1 Defining Pedestrian Exposure and its Contributing Factors 
In transportation, the term exposure has been used in relation to pedestrian and 
vehicle crashes, where “a unit of exposure corresponds to a probabilistic trial. The result of 
such a trial is the occurrence or non-occurrence of a crash (by type, severity, etc.)’’ (Hauer, 
1982, as cited in Keall & Frith, 1999, p. 7). It can be argued that the chance of the occurrence 
or non-occurrence of crashes depends on aspects of the transportation system, such as road 
environment, road infrastructure facilities, and road users. Risk is the probability of 
occurrence of unwanted events (road traffic crashes). In the case of pedestrians, exposure 
may be defined as “the exposure risk of pedestrians to collision with motor vehicles” (Qin & 
Ivan, 2001, p. 89). Thus, exposure is a key concept to measure risk of pedestrian crashes.  
 
Factors that contribute to pedestrian exposure can be classified as direct and indirect 
(induced) factors. The direct factors contributing to pedestrian exposure are pedestrian and 
traffic volume, which are discussed here. Induced factors were previously discussed in the 
section on factors that contribute to pedestrian crashes. Pedestrian volume has a significant 
and positive correlation with pedestrian crashes in a single predictive model that covers all 
types of intersection (Harwood et al., 2008). Other studies have found that drivers, pedestrian 
volume, traffic, and environmental characteristics are correlated with a high level of 
pedestrian crashes (Lee & Abdel-Aty, 2005). This means that the greater the pedestrian 
volume, the higher the number of pedestrian crashes in nominal terms as compared to smaller 
volumes of pedestrians. Thus, pedestrian volume has a positive correlation with pedestrian 
crashes. Likewise, traffic volume is a major contributing factor to pedestrian crashes. 
According to Zegeer (as cited in Harwood, et al., 2008), the second most prevalent factor for 
pedestrian crashes is traffic volume. Zegeer argues that for a specific pedestrian volume level, 
the occurrence of pedestrian crash per intersection per year generally rose when vehicle 
traffic volume increased. Therefore, pedestrian crashes rise when the traffic volume increases 
and, conversely, crashes diminish whenever the traffic volume decreases. 
 
3.6.2 Current Measurement of Pedestrian Exposure 
Currently, pedestrian data are very scarce and inconsistent throughout the world, and 
the measurement of pedestrian exposure varies from one country to another (Greene-Roesel, 
Dilogenes, & Ragland, 2007; Molino et al., 2008). The measurement of risk of crashes with 
pedestrians is influenced by a number of factors (Chu, 2003). One of these is that the recent 
measurement of pedestrian exposure depends on self-reported data, which may be 
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underreported. In addition, other factors can have an impact on the measurement of absolute 
risks; however, their consequences for the uncertainty of risk are not yet clearly understood. 
Nevertheless, some of the common measurements of exposure in practice nowadays are 
based on population, pedestrian volume, the travel distance approach, exposure based on 
time, and number of trips (Greene-Roesel, et al., 2007; Molino, et al., 2008). These 
measurements of exposure can be classified based on their application to wide areas and 
specific site measurements. 
 
 Measuring exposure of pedestrians at the micro-level includes plans to assess 
individuals’ exposure at particular facilities or sites, including pedestrian crossings and 
footpaths (Greene-Roesel, et al., 2007). The approaches for measurement vary depending on 
the required information. On the other hand, the macro-level of measuring of exposure has 
applicability over a wide area. A wide area means the exposure measurement can be done in 
cities, neighbourhoods, districts, and states. However, the wide area measures, like 
population-based measures, tend to be inaccurate. Chu (2003) revealed that the disadvantages 
of estimating exposure using population-based measures outweigh the positive aspects of the 
approach. In general, the positive and negative aspects of pedestrian exposure measurement 
approaches are presented in Table 3-7. 
 
 In summary, at present, pedestrian exposure to crash risk is not measured consistently 
worldwide. Moreover, pedestrian volume and pedestrian facilities are often not recorded, 
which makes it more difficult to assess exposure (Kennedy, 2008). Although some 
approaches are proposed by researchers, they depend on area specific data. Moreover, the 
applications of methods vary between situations, since the underlying assumptions for each 
approach are different. 
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Table 3- 7: Advantages and Disadvantages of Approaches to Exposure Measurement 
(Greene-Roesel et al., 2007) 
Category of exposure 
measure 
Explanation and types Benefits Drawbacks 
-Product of 
pedestrian volume 
and vehicle volume 
Average daily product 
of pedestrian volume 
and traffic volume per 
day 
Simple based on counts 
of pedestrians and 
vehicular volume 
Does not segregate the 
information in terms of 
walking speed, age and 
other features 
-Square root of 
product of pedestrian 
volume and vehicle 
volume 
Average daily square 
root of product of 
pedestrian volume and 
vehicle volume 
Simple based on counts 
of pedestrians and 
vehicular volume 
Does not segregate the 
information in terms of 
walking speed, age and 
other features 
-Pedestrian volume  Average number of 
pedestrians per day 
Number of pedestrians 
per time period 
Simple based on counts 
of pedestrians 
Does not segregate the 
information in terms of 
walking speed, age and 
other features 
Does not consider the 
travel time of walking 
and distance travelled 
-Distance travelled  Average kilometres 
walked, per person, per 
day 
Total aggregate 
distance of pedestrian 
travel across an 
intersection 
Detailed assessment of 
pedestrian exposure 
 
Allows comparison 
with other 
transportation modes’ 
risks  
 
Can be applied to 
quantifying vehicle 
exposure 
Does not consider the 
speed difference 
between pedestrian and 
riding in a car 
 
Risk is distributed 
equally along the 
walking distances 
 
Assumes each 
pedestrian traverses an 
equivalent distance 
along a walkway 
-Population  Number of residents of 
a given area or in a 
demographic group 
Easy, low cost, and 
available within short 
period 
 
Only way to estimate 
exposure if direct 
measurement is 
impossible 
Does not measure 
pedestrian exposure 
accurately 
 
Does not take into 
account the pedestrian 
volume  
 
No information about 
the travel time or the 
travel distance 
    
-Pedestrian 
trips 
 
 
 
Average number of 
walking trips made 
by members of a 
population per day, 
week, or year 
 
Proportion of 
walking trips taken 
for a particular 
purpose 
Suitable for use in 
large geographic 
area 
 
Suitable to judge the 
relationship of 
walking with other 
modes 
Needs a large number of 
participants 
 
Rarely supplies information at the 
required depth 
 
Underreporting during data 
collection 
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Number of 
pedestrians observed 
in a given area over a 
fixed interval 
-Exposure 
based on Time 
Average time 
walked, per person, 
per day or year 
 
Total aggregate time 
travelled by all 
pedestrians or total 
time travelled by 
individual pedestrian 
Considers the 
difference in 
walking speed 
 
Permits comparison 
among various travel 
modes 
 
More in-depth 
assessment 
Risk is assumed to be distributed 
equally across the whole distance 
of crossing problem of 
underreporting of trip time 
 
Time spent on walking can be 
exaggerated.  
Source: Greene-Roesel, R., Dilogenes, M. C., & Ragland, D. R. (2007). Estimating Pedestrian Accident Exposure. 
California: California Path Program Institute of Transportation Studies University of California, Berkeley. 
 
3.7.3 Vehicular Exposure 
Vehicular exposure is not measured to quantify the risk of crashes in Ethiopia. 
However, traffic counts are usually taken every 4 months for 1 week to account for seasonal 
variations. As a result, the Average Annual Daily Traffic (AADT) of each road segment is 
available for use by the Road Authority. To date, there is a lack of awareness of the 
importance of exposure to quantify risk of crashes. The Roads Authority usually focuses only 
on the upgrading and construction of roads. Holistic approaches are needed to promote the 
mobility and safety of the Ethiopian people. 
 
The measurement of vehicle exposure started in the early 1970s. A symposium on 
driving exposure was carried out in Michigan. The meeting outlined the possible approaches 
to measurement of driving exposure (Carroll, 1973), the details of which are summarised in 
Table 3.8. Similarly, exposure can be quantified in a number of approaches, such as by 
distance travelled, time spent in travelling, or number of vehicles passing a point 
(Hutchinson, Wundersitz, Anderson, & Kloeden, 2009). In the USA, the Federal Highway 
Administration (FHWA) is responsible for calculating risk based on collected vehicle 
exposure (Kennedy, 2008).  
 
The vehicle exposure method standardised by the FHWA is a method for measuring 
risk that is applied by multiplying the centre line distance of the road with the AADT. 
Similarly, the Ethiopian Roads Authority calculates annual kilometres travelled for each road 
segment every year. Although the FHWA has already standardised the measurement of 
exposure using vehicular travel, internationally accepted standardised measurements are not 
in practice worldwide. The use of this method is controversial among scholars (Stamatiadis, 
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2008). The annual kilometres travelled to quantify exposure is questionable in analysis due to 
a number of reasons. One reason is that higher mileage drivers may frequently acquire their 
mileage on reasonably safer highways. Another reason may be the possession of greater 
experience and safety knowledge of higher-mileage drivers. Therefore, vehicular exposure 
measurement needs further research. 
 
Table 3- 8: Selection of Vehicle Exposure Measure (Carroll, 1973) 
Category of exposure 
measurement  
Explanation and type 
Distance  Average miles driven per vehicle, per day 
Total distance of a vehicle in a year 
Population  
(indirect measurement) 
Number of registered vehicles 
Number of licensed drivers 
Fuel consumption in litres 
Total population or sections of the population (gender, age, race, 
ethnicity) 
Person-trips 
Vehicle trips Average number of vehicle trips made by members of a 
population per day, week, or year 
Proportion of driving trips taken for a particular purpose 
Time travelled  Average driving time, per person, per day, or year 
Total time travelled by a driver or passenger (vehicle hours, 
passenger hours) 
 
Three ways of estimating exposure to risk measurement have been proposed and 
explored: estimating exposure to traffic flow on road sections, the travel of people, and the 
travel of vehicles (Keall & Frith, 1999). Estimating exposure traffic flows on road sections is 
to estimate the exposure using vehicle kilometres based on the traffic count at certain points 
and the consideration that vehicles can traverse the whole stretch. Keall and Frith, (1999) 
assessed the social cost of crashes in New Zealand using the National Traffic Database. As 
their analysis demonstrates, roads in the countryside are about 50% more risky on average in 
terms of total social costs as compared with roads in towns and cities. Crashes in towns and 
on city roads are more frequent than in the countryside; however, the degree of severity is 
higher on country roads due to higher speeds and higher crash costs (Keall & Frith, 1999). 
This finding is in line with that of the Transport Research Laboratory and Ross Silcock 
Partnership in Ethiopia, which is that the Oromia Regional State has two-thirds more 
fatalities than Addis Ababa City (Transport Research Laboratory and Ross Silcock 
Partnership, 2001). 
 
A second method examined is estimating exposure using the travel of people (Keall & 
Frith, 1999). Two approaches have been used to estimate exposure: a roadside alcohol survey 
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and a household survey (Keall & Frith, 1999). For example, Police measured the alcohol 
levels of drivers at night and found that lower traffic volume roads were used significantly 
more by drivers who had consumed higher amounts of alcohol. Moreover, drivers over 120 
mg/100 ml blood alcohol level had the tendency to avoid those roads that have speed limits 
over 70 km/h after midnight (Keall & Frith, 1999). The finding indicates that police 
enforcement should be focused on lower traffic volume roads after midnight. The household 
travel survey is another approach used to estimate exposure to risk. The survey measured the 
travel patterns of households with their choices of mode of travel, and also measured 
occupants of the different modes. However, mode of travel may change depending on the 
economic condition of the country, and it also involves huge costs to conduct household 
surveys throughout the nation. It can be concluded that such an approach will require a huge 
outlay for the survey and so may not be suitable in developing countries.  
 
A third method for estimating exposure uses vehicular travel. The basis of the 
estimate is odometer reading data from New Zealand’s National Motor Vehicle Registration 
System (Keall & Frith, 1999). The estimation can be made between two consecutive 
inspections by deducting the recent kilometres travelled from the earlier reading. Then, it is 
used to estimate the exposure of vehicles to risk. Nevertheless, this method does not show the 
risk associated with pedestrians and the road environment. The reason is that exposure 
depends not only on kilometres travelled but also other factors like pedestrian and traffic 
volume. In summary, vehicle kilometres are widely used in practice to measure vehicle 
exposure. However, this approach is an approximation of vehicle exposure but does not 
assess vehicular exposure perfectly. 
 
3.7 Summary of the Findings of the Literature Review and Discussion 
This chapter provides a detailed review of previous research relevant to mitigating 
pedestrian crashes in Ethiopia. The literature review begins by justifying the importance of 
pedestrian data for economic, social and health aspects of a society. This is followed by an 
analysis of crash data problems, with particular reference to the problem of underreporting. In 
particular, the WHO’s methodology for estimation of crashes is examined. The factors 
influencing pedestrian crashes are enormous and vary from one place to another. Moreover, 
there are no standardised methods to measure pedestrian and vehicular exposure around the 
world. Discrete choice and count regression models were also given much emphasis during 
the review. Thus, the major findings for each part are summarised below.  
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The collection of pedestrian data forms the basis of understanding pedestrian mobility 
needs and safety. This poses questions about what types of data are required to respond to the 
mobility and safety of pedestrians. Currently, health concerns, congestion and environmental 
pollution positive impacts on walking as a mode of transportation in developed countries. 
However, walking is the basic and primary means of transportation in developing countries, 
and constitutes a significant portion of the modal share of transportation. However, pedestrian 
data and their collection methodologies have not been investigated in depth. On the one hand, 
pedestrian data demand ample resources which are hard to allocate in developing countries, 
making the capture of quality pedestrian data a difficult task. There are other more urgent 
priorities like basic health schemes, education and daily food. On the other hand, pedestrian 
injury crashes are a major safety issue in these countries (WHO, 2013b). Although walking is 
an important mode of transportation, pedestrian related data are not yet documented. 
Moreover, the literature related to pedestrian data needs and their collection methodologies in 
developing countries are rare with no published studies found. In contrast, pedestrian data 
and their collection in western countries have been documented. Across European countries 
there are many inconsistencies in collected data and methodologies used. Monterde et al. 
(2010) suggested that pedestrian data and collection methods should be standardised for 
understanding pedestrian mobility needs and safety. Similarly, in the USA, most agencies 
have established a pedestrian database; however, linkages between the data does not exist and 
is not practiced (Cottrell & Pal, 2003). Despite the existence of some literature in developed 
countries, pedestrian data needs and the methodology used to collect them are not exhaustive. 
The current available literature in this regard is limited to a few comparisons of vehicular 
mobility and safety issues. As mentioned in section 3.2, they identified some drawbacks that 
include the importance of pedestrian data and use, socioeconomic information, pedestrian 
crossing facilities, and pedestrian crashes, and information about the drivers (Cottrell & Pal, 
2003; Schneider, et al., 2005). Pedestrian data needs and collection methodologies require 
standardised guidelines which are flexible based on the prevailing situations. All in all, some 
progress has been observed in developed countries towards understanding pedestrian mobility 
needs and safety. However pedestrian data in developing countries are not documented, 
except pedestrian crash data, which also suffers from the problems of underreporting, 
misclassification, and overestimation of injury severity. 
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The literature review on crash data problems identified underreporting, 
misclassification, and overestimation of injury severity as major issues. Moreover, the 
discrepancies among reports on Ethiopian fatalities per year are also reviewed. The problem 
of underreporting crashes is an international issue; however, it varies in magnitude based on 
each country’s development. The underreporting of crashes in western countries relates to 
road users’ injuries and property damage, rather than fatal crashes (Alsop & Langley, 2001). 
Currently, most developed countries have established links between police reports, hospital 
and insurance records, resulting in a reduction in the magnitude of underreporting. 
Conversely, in less developed countries these problems are significant. As a result, 
international organisations like the WHO tend to rely on statistical prediction of annual road 
traffic fatalities, which may not reflect the true situation in these countries. Thus, 
investigation and critique of the quality of these crash data sources is vital in developing 
potential solutions for crashes. 
 
Misclassification and overestimation of injury severity are other problems in crash 
data quality. There are some problems regarding this issue in western countries; however, the 
degree of the problem is low compared to less developed countries. In developing countries, 
although the definition of each level of severity is standardised, a considerable quantity of 
injury severity data might be lost due to a lack of appropriate training and negligence. 
However, there is no study related to misclassification and overestimation of injury severity 
in developing countries.  
 
The discrepancies between the Ethiopian Police Commission reported figures and the 
WHO estimation of fatalities per year are a major issue in Ethiopia. Even though the Police 
Commission’s report has some problems of underreporting, it provides better information 
about the status of crashes in the country. One in-depth study found that the underreporting of 
fatalities were 20-30% in Ethiopia (Transport Research Laboratory and Ross Silcock 
Partnership, 2001). On the other hand, the WHO produced two reports in 2009 and 2013 that 
show a considerable variation in statistical estimation of road traffic fatalities per year. This 
variation occurs due to methodological problems since more explanatory variables are used to 
estimate annual road traffic fatalities in the latest versions. As a result, the estimate of annual 
road traffic fatalities dropped from 29,114 to 14,606. Thus, it is good to suggest that 
underreporting of crashes should be studied in Ethiopia to understand and minimise the 
magnitude.  
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Almost all identified studies mentioned major factors for pedestrian crashes. Most of 
them used statistical methods which are unbiased to identify the causes of pedestrian crashes. 
The major risk factors that contribute to the occurrence of pedestrian injury crashes are speed, 
inadequate visibility, driving and walking while intoxicated by alcohol, road environment, 
and land use. In addition, there are other factors responsible for the high level of pedestrian 
crashes, particularly in developing countries. The literature review has indicated that the 
potential strategies to prevent pedestrian injuries can be categorised into three types. These 
are namely: modification of the built environment for speed control, segregation of 
pedestrians from motorised traffic, and increased visibility and conspicuity of pedestrians. 
With respect to understanding the influencing factors of pedestrian injury severity, an in-
depth review of the literature revealed that speed, vehicle weight, vehicle design features, age 
of pedestrians, weight and age of pedestrians, driver factor and road environment are the 
main causes of injury severity.  
 
There are many factors that influence pedestrian safety in developing countries. 
General factors will be discussed in the next chapter; however additional factors specific to 
developing countries such as Ethiopia are scarcity of public transport, heterogeneous traffic 
environments, lack of protective devices, absence of timely care, fast unplanned urbanization, 
and lack of rehabilitation services are additional factors to escalate pedestrian crashes in this 
country.  
 
Pedestrian and vehicular exposures are fundamental concepts in mitigating pedestrian 
crashes. The understanding and measuring of pedestrian and vehicular exposure are critical 
steps to mitigate pedestrian crashes. However, the measurements of exposure for both 
pedestrians and vehicles are not standardised worldwide. While vehicular exposure is 
standardised in the USA with the use of vehicle kilometres, pedestrian exposure is not yet 
standardised. Many researchers have proposed methods of measuring pedestrian exposure; 
however, no one method outweighs the others in the performance of measuring pedestrian 
exposure. The measurement of pedestrian exposure can be critical to estimate pedestrian risk, 
taking site specific characteristics into account. Hence, in this research, the researcher tried to 
identify appropriate method for estimating pedestrian exposure risk and related injuries. 
 
In summary, the literature review reveals that pedestrian data and a collection system 
pose challenges throughout the world. These findings suggest that capturing quality 
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pedestrian data, forming databases and establishing linkages among the data are the 
prerequisites to understand pedestrian mobility needs and safety. Similarly, pedestrian crash 
data suffer from the underreporting of crashes, misclassification and overestimation of injury 
severity. The main influencing factors for pedestrian injury crashes and severity are speeding, 
alcohol-impaired driving and walking, lack of conspicuity and road environment. Finally, 
identification of approximate pedestrian exposure metric was critical for this research as there 
was no best or proven method of quantifying pedestrian exposure throughout the world.  
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CHAPTER 4: PAPER 1-LITERATURE FOCUSING ON HOW PEDESTRIAN 
CRASHES IN DEVELOPING COUNTRIES DIFFER FROM THE GLOBAL 
PICTURE REFERING TO THE IMPLICATIONS FOR ETHIOPIA 
 
4.1 Introductory Summary 
 This brief chapter examines the findings of the literature review on the relevant 
factors that have an influence on pedestrian crashes in developing countries. The focus of the 
review is on factors that affect crashes with pedestrians in Ethiopia, and some examples were 
provided from the experience of Ethiopia. Factors identified during the literature survey and 
observation of the current situation in Ethiopia revealed that walking at night, fatigue, 
walking along the roadway, illegal crossing behaviour, socioeconomic factors, alcohol and 
drug impaired walking, the population growth rate, lack of road safety education, poor 
enforcement of traffic regulations, high annual growth of motorisation, and institutional 
capacity were found to be the major factors influencing crashes involving pedestrians. The 
detailed discussion of these variables is provided in section 4.6. 
 
Figure 4- 1: Secondary Label Flow Chart for Review of Risk Factor of Crashes Involving 
Pedestrians. 
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4.2 Notes 
Taken from: Tulu, G. S., Washington, S., King, M. J., & Haque, M. M. (2013).Why are 
Pedestrian Crashes so Different in Developing Countries? A Review of Relevant 
Factors in Relation to their Impact in Ethiopia. Paper presented at Australian 
Transport Research Forum Brisbane, Queensland, Australia.  
 
The Authorship criteria have been met and authors have taken the responsibility based 
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responsible for all aspects of preparing the manuscript, reviewing previous studies, 
formulating the ideas, analysing the statistics, interpreting statistics analysis and their 
implications, and structuring, writing, and appropriately referencing the manuscript.  
 
The candidate was responsible for the collection of data from the Addis Ababa Police 
Stations and the analysis of the data collected. The second, third and fourth authors are 
members of the candidate’s supervisory team and, in addition to providing assistance with 
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4.4 Abstract 
Much is known about pedestrian behaviour and crash risk in developed countries. In 
contrast, the literature on pedestrian crash risk in developing countries reveals wide gaps in 
knowledge and understanding, and a comprehensive assessment is lacking. In particular, 
pedestrian behaviour in developing countries is fundamentally different in comparison to 
developed countries, and is influenced by a variety of less well understood contributing 
factors, leading to difficulty in modelling and predicting pedestrian crash risk and in turn 
identifying effective safety countermeasures. This paper provides a comprehensive synthesis 
of the factors known to influence pedestrian crash risk in developing countries, and then 
focuses on Ethiopia as a specific example. The paper identifies where critical gaps in 
knowledge exist regarding pedestrian crash risk and associated behaviour in developing 
countries--a set of knowledge gaps which collectively are significant. The paper concludes by 
articulating a critical research path moving forward, with the aim to achieve an improved 
understanding of developing country pedestrian crash risk, and an ultimate goal of identifying 
effective pedestrian safety countermeasures suited to the unique challenges faced by transport 
system managers in developing countries. 
 
Key words: motor vehicle crashes; pedestrian crash risk; developing countries; 
Ethiopia; pedestrians; safety management  
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4.5 Introduction 
There are valuable insights into road safety in developed countries, as a considerable 
amount of research has been undertaken since the 1970s. Currently, road traffic crashes in 
developed countries show a declining trend due to ongoing investment in safety programs 
and countermeasures. However, the literature on pedestrian crash risk in developing countries 
(DCs) is at an early stage as the implementation of road safety interventions has only begun 
recently and rapid motorisation is taking place. Moreover, the focus of road safety 
interventions has generally been restricted to improving the safety of motorists rather than 
pedestrians. A considerable effort is required to understand the unique features of pedestrian 
crash risk in DCs. For instance, pedestrian fatalities globally were estimated to total more 
than 400,000 per year, out of which 55.3% and 39.2% occur in low- and middle-income 
countries respectively per year (Naci, et al., 2009). Although pedestrian crash risk should be a 
major concern in DCs’ road traffic crashes, the problem has not been sufficiently 
investigated. This neglect has stimulated a call by the World Health Organization (WHO) for 
a global focus on pedestrians, particularly in DCs. Recently, WHO’s Global Status Report 
confirmed that 88 countries with a total population of 1.6 billion people have shown a decline 
in road traffic deaths, whereas 87 countries with a total population of 5.2 billion have 
experienced higher fatality rates (WHO, 2013a). Most of the increases in traffic deaths have 
occurred in low and middle income countries, especially in Africa. As shown in Figure 4.2, 
pedestrian fatalities in African countries account for more than 38% of total road traffic 
deaths (WHO, 2013b). In the case of Ethiopia, pedestrians account for 55% of fatal crashes 
per annum (Tulu, Washington, & King, 2013; WHO, 2009), although the comparative levels 
of exposure to risk are not known with certainty. In spite of these high numbers, policy 
makers in DCs have failed to remediate the growing scale of pedestrian crash risk, which is 
exacerbated by the rapid motorisation in DCs. Given these trends it is worthwhile to 
scrutinise the problem of pedestrian crash risk in DCs by providing a comprehensive 
synthesis of the factors which expose pedestrians to crash risk.  
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Figure 4- 2: Proportion of Pedestrian Fatalities in African Countries (WHO, 2009) 
 
The aim of this paper is to synthesise the causes and contributing factors that typify 
influences on pedestrian crash risk in DCs, drawing on data from Ethiopia where they are 
available. The presence of critical gaps in current knowledge in pedestrian risk and 
behaviours in DCs are also assessed. Finally, the paper articulates a clear understanding of 
the gaps and the way forward for further research. Moreover, from the findings of this study, 
possible countermeasures suited to the particular situation are recommended. Road safety 
experts from Australia and other high income countries are increasingly becoming involved 
in work in DCs, including Ethiopia, and this research will assist in highlighting the 
differences in DCs that need to be taken into account. This is particularly relevant in the UN 
Decade of Action on Road Safety. 
 
4.6 Synthesis of Pedestrian Crash Risk in Developing Countries 
The factors that influence pedestrian crash risk range from specific characteristics of 
pedestrians and drivers through to broad issues that affect all sectors in a country. This 
synthesis begins by considering more specific influential factors for rising pedestrian crash 
risk in DCs and moves through to consider broader influences. The available literature in this 
area has been scanned and incorporated where appropriate in this section. However, 
published research works are limited and some of them describe country specific scenarios. A 
few papers focus on the issue of pedestrian crashes in DCs, but they are limited in their depth 
of scrutiny. For instance, Transport Research Laboratory (TRL) has produced many works 
which focus on DCs road safety starting from the early 1980s and 1990s (for example 
Downing, et al., 2000; Downing, 1991; Jacobs, Aeron-Thomas, & Astrop, 2000; Jacobs & 
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sayer, 1984; Sayer & Palmer, 1997; Sayer, Palmer, Murray, & Guy, 1997); however, 
recently, their contribution has gradually declined and has to some extent lost its relevance 
due to the current dynamism of the transportation system. Consequently this paper is based 
on more recent literature, and aims to develop an understanding of each relevant factor and 
identify gaps in the current state of knowledge.  
 
4.6.1 Walking at Night 
Pedestrian crash risk at night is higher than in the daytime due to the lower 
conspicuity of pedestrians (Schneider, Grembek, & Braughton, 2012; Wood et al., 2012), this 
is exacerbated by the tendency for pedestrians to judge themselves as being more visible than 
they actually are at night (Tyrrell, Wood, & Carberry, 2004). One study shows that drivers’ 
ability in recognising pedestrians at night is degraded (Wood, et al., 2012) such that risk of 
pedestrian fatalities may rise seven times higher at night than daytime (Sullivan & Flannagan, 
2007). Most pedestrians in developed countries can afford to buy retro-reflective clothing 
which is both available and has been demonstrated to enhance visibility at night (Tyrrell, 
Wood, et al., 2004; Wood, et al., 2012), but such clothing is neither commonly available nor 
affordable in DCs. In addition, most locations in developed countries with high pedestrian 
traffic have sufficient street lighting to facilitate the visibility of pedestrians at night and 
thereby reduce road crashes (Beyer & Ker, 2010), whereas the same does not apply as widely 
in DCs. Researchers in Ghana, for example, have found that the nighttime pedestrian crash 
rate is higher than the daytime rate since many built-up areas have not been provided with 
sufficient street lighting (Damsere-Derry, et al., 2010). The installation of street lighting 
involves significant initial and operational costs, and there are other priorities for the use of 
electricity, so that the lack of provision of street lighting in DCs is not surprising and likely to 
continue. In DCs, with high levels of pedestrian movements in general, and with a great 
volume of pedestrians walking during nighttime in shared road environments, the effects of 
pedestrian conspicuity on their exposure to crash risk are much higher compared with 
industrialised countries. Another issue is inadequate or absent headlight illumination from 
vehicles and headlight glare due to poor compliance with road rules and vehicle lighting 
standards (Balk & Tyrrell, 2011; Oluwadiya et al., 2009). In addition to conspicuity issues, 
the prevalence of alcohol impaired driving and walking is likely to be higher at night, and 
with regard to the safety issue it poses is discussed in ‘Alcohol and Drug Impaired Walking’ 
section.  
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4.6.2 Fatigue 
Most people in DCs use walking as a principal mode of transportation for short and 
long distance travel. Long distance walking (Ipingbemi & Aiworo, 2013) may cause physical 
fatigue in pedestrians, who, as a consequence, may lack proper judgement in the traffic 
system and be exposed to crash risks. Pedestrian fatigue may also result when pedestrians are 
walking when exhausted from other activities (such as extended physical work), and walking 
after taking heavy medication, walking carrying loads, fasting (Al-Khateeb, Obaidat, & 
Khedaywi, 2008) or under the influence of alcohol or other drugs (addressed below). 
However, there appear to be few studies addressing pedestrian fatigue in pedestrian crashes. 
In Ethiopia, police records of crashes do not provide details about the causes of pedestrian 
crashes, such as fatigue or other pedestrian faults, and the same is true in Ghana (Damsere-
Derry, et al., 2010). For DCs, this is a gap that needs in-depth assessment through well-
designed studies. On the other hand, driver fatigue and its countermeasures are well 
investigated in a number of research elsewhere (e.g., Fletcher, McCulloch, Baulk, & Dawson, 
2005). 
 
4.6.3 Walking along Roads 
The International Road Assessment Programme (iRAP) pointed out that 84% of roads 
with pedestrians in DCs had no footpaths (WHO, 2013a). Pedestrians often tend to walk 
along roads due to the absence of footpaths or shoulders, as shown in Figure 4-3--an example 
from rural Ethiopia. The lack of separation between vulnerable road users and motorised 
traffic leads to a considerably larger set of potential crash risk opportunities for pedestrians 
compared to separated facilities encountered in developed countries.  
 
Due to financial constraints, most DCs’ road networks in built-up areas are 
constructed without the provision of footpaths. Even when footpaths are present, they may be 
occupied by roadside vendors/hawkers and bars (Damsere-Derry, et al., 2010), or pedestrian 
facilities may be constructed without adequately accommodating the volume of pedestrians. 
In particular, pedestrian volumes are extremely high in poor residential neighbourhoods, 
areas with high unemployment, and near markets (Figure 4-4). As a result, 
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Figure 4- 3: Pedestrian Road Use on Main Road through Small Town South of Addis Ababa 
City (Photo: M. King) 
pedestrians are forced to walk along roadways (McMahon et al., 2001). Moreover, the poor 
quality and unevenness of the surface of walkways may discourage pedestrian use. An in-
depth study in a developed country shows that the non-provision of footpaths and the 
presence of a high volume of motorised traffic, higher speeds, and unsealed shoulders can 
increase the probability of pedestrian crashes when walking along roads (McMahon, et al., 
2001). Moreover, lack of footpaths can increase the risk of crashes twofold compared to 
roads that have footpaths.  
 
Figure 4- 4: Pedestrian Road Use in Market Area (Merkato) of Addis Ababa City (Photo: M. 
King) 
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In DCs, the volumes of pedestrians are high because of low levels of motorisation, so 
most people use walking as a primary mode of transportation. In some places, where 
unemployment rates are high, people may spend most of their time near the road 
environment, including standing on roads to seek a temporary job, or just spending their time 
by walking along the roads (Damsere-Derry, et al., 2010). These factors escalate the exposure 
to pedestrian crashes in DCs. However, due to a shortage of evidence, the magnitude of 
pedestrian crashes is not known in DCs. 
 
4.6.4 Illegal Crossing Behaviour 
Pedestrians are expected to follow traffic rules and cross on pedestrian designated 
facilities particularly in built up areas, and it is worth noting that there are fewer rules for 
pedestrians than for drivers (King, Soole, & Ghafourian, 2009). However, comprehensive 
road traffic legislation is in place for only 7% of the world’s population (WHO, 2013a). 
Illegal crossing behaviour and absence of discipline in the road environment are relatively 
well investigated in some DCs which give an emphasis to these issues within other major 
topics to explain the high rates of pedestrian crashes (Cherry, Donlon, Yan,  & Xiong, 2011; 
Damsere-Derry, et al., 2010; Ibrahim, Day, Hirshon, & El-Setouhy, 2011; Wang, Guo, Gao, 
& Bubb, 2011). A study in China found that 65.7% of pedestrians did not check the 
oncoming and departing vehicles when they crossed unmarked roadways (Zhuang & Wua, 
2011) due to poor perception priority rules. A recent study in Chile has revealed that 
pedestrians have a positive attitude towards illegal midblock crossing (Dı́az, 2002). In cities 
of DCs, illegal crossing can be governed by psychological attributes and complexity of road 
environment (Wickramasinghe, Priyankara, & Dissanayake, 2012). 
 
Crossing behaviour of pedestrians in Addis Ababa City, Ethiopia is rarely in 
compliance with the pedestrian regulations, though drivers contribute to this as they do not 
yield at pedestrian crossings. There are also infrastructure factors that contribute to illegal 
crossing behaviour: there are relatively few legal crossing points, and centre medians are 
sometimes difficult or impossible for pedestrians to negotiate, and in recent years the traffic 
lights in Addis Ababa (which should halt traffic to allow a pedestrian phase) have been 
turned off because their unlinked fixed-phase operation contributes to greater congestion. At 
other locations there are interactions between behavioural and infrastructure factors. For 
example, the Addis Ababa City Ring Road traverses through mostly densely populated areas, 
and has a central New Jersey barrier which makes it impossible for pedestrians to cross. As a 
consequence there is fencing to prevent pedestrians using the road and overpasses are 
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provided, however pedestrians are often reluctant to use pedestrian overpasses (Ribbens, 
1996). Instead, they jump over the fences and median barriers to cross the roadways (Figure 
4.5). As a result, many pedestrians have been seriously injured or killed by fast moving 
vehicles. It is worth noting that, according to the Ethiopian traffic rules, drivers are not liable 
for such pedestrian injuries or fatalities because it is a fully access-controlled road.  
 
 
Figure 4- 5: Illegal Crossing of Addis Ababa City Ring Road (Photo: M. King) 
 
Although illegal behaviour is widespread, there is little information about the relative 
contribution to this behaviour of levels of knowledge about road rules, levels of enforcement 
of the rules, relative opportunities to cross legally (which is in turn influenced by amount of 
traffic, distribution of legal crossing points, and compliance of drivers with requirements to 
stop or give way at crossing points). Research with pedestrians and drivers about their 
knowledge, attitudes and practices would provide valuable insights. 
 
4.6.5 Socioeconomic Factors 
Unlike other means of transportation, walking as a principal mode of transportation is 
mostly used by people who have lower income. This can involve activities other than 
walking: observation in Addis Ababa City, Ethiopia reveals that young males play football on 
the roadways, and orphan street boys sleep on roadways or edges of roadways. By definition, 
low and middle income countries have a high proportion of low income people, are less 
motorised and therefore have more of their population exposed to risk of pedestrian crashes 
(Mohan, 2002; Nantulya & Reich, 2002). This corresponds with the finding in 44 countries 
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that the higher gross national incomes, the lower the pedestrian volume in the traffic system, 
and the lower the pedestrian fatalities (Paulozzi, Ryan, Espitia-Hardeman, & Xi, 2007). 
Similarly, studies from the United States confirmed that African American residents, who 
have a lower average socioeconomic status, are overrepresented in traffic crashes as well as 
in pedestrian crashes (Daniels et al., 2002; Poling, 2012). 
 
Studies indicate that walking as a mode of transportation accounts for 70% of all trips 
and 60% of modal share in Addis Ababa City, Ethiopia (Nyarirangwe, 2008; Pendakur, 
2005). Individuals from low-income households usually use walking as a primary mode of 
transportation as they have financial constraints that prevent them from better alternative 
modes of transportation, and spend more time along the roadway and crossing roadways to 
access properties. This implies greater exposure to pedestrian crash risk, which is borne out in 
crash statistics, and is illustrated in the comparative data presented in Figure 4.6. In Addis 
Ababa City, Ethiopia, the 70% pedestrian share of trips translates to a much higher 85% 
pedestrian share of fatalities (Mutto, Kobusingye, & Lett, 2002). This is high even for DCs as 
a whole, where pedestrian deaths account for 55-70% or more of total urban area fatalities 
(Nantulya & Reich, 2002). Ethiopia’s rate is reflective of an extremely poor country, being 
higher than the rate in Nairobi (see Figure 4.6). In general, Figure 4-6 illustrates that the share 
of walking modes as a primary means of transportation (high volume) has a positive 
relationship pedestrian crash risk, i.e. as mode share increases, so does fatality share. It is 
possible that there is more to this relationship than just exposure as measured in terms of 
mode share; however this does not appear to have been widely explored. 
 
 
Figure 4- 6: Share of Walking Trips with Other Means of Transportation, and 
Proportion of Pedestrian Fatalities in Selected Cities (Ebrahim, Sun, Ely, & Ai, 2011; 
Khayesi, 1997; Mees, 2012; Mutto, et al., 2002; Valli, 2005; WHO, 2013a) 
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4.6.6 Alcohol and Drug Impaired Walking 
Alcohol and drug intoxicated pedestrians and driving are at heightened risk for 
crashes, as has been widely demonstrated in developed countries (Haque et al., 2012; 
Ostro¨m & Eriksson, 2001). Pedestrian crashes involving alcohol are likely to be higher at 
night for two main reasons. First, alcohol consumption is higher at night relative to the day. 
Second, reduced visibility at night coupled with poor perception and reaction of drivers 
and/or pedestrians due to alcohol increases the crash risk (WHO, 2013b). A study carried out 
by Boni et al., (2011) in southern Brazil showed that positive alcohol breath-tests were found 
in 9.2% of pedestrians who had been involved in crashes. Likewise, although alcohol-related 
pedestrian crash data have not been collected properly in Ghana, rough evidence indicates 
that the consumption of alcohol may be high in young adolescent and adult pedestrians 
(Damsere-Derry, et al., 2010). In Zimbabwe, a hospital survey also indicated that 70% of 
pedestrian killed in crashes had alcohol present in their blood (Downing, 1991). The results 
of these three studies have confirmed that alcohol intoxicated pedestrians are exposed to high 
fatality and injury risks. Unlike for drivers, laws do not restrict pedestrians’ alcohol levels 
and drug use in either developed nations or DCs, and the issue is addressed instead through 
broader public health approaches aimed at reducing alcohol consumption in general. Apart 
from the studies mentioned above, which provide a rough indication of the magnitude of 
alcohol impaired pedestrian crashes, no comprehensive studies were found in respect of DCs. 
Moreover, data on pedestrian alcohol- and drug-related crashes are usually not registered in 
police crash records. 
 
4.6.7 Poor Transportation and Land Use Planning 
Integrated transportation and land use planning should reduce travel demand and 
create a safer road environment for all. The lack of provision of footpaths and crossings 
mentioned above already suggests some deficits in planning of infrastructure to take account 
of pedestrians in DCs. Land use planning agencies may not exist, and land use planning that 
does occur lacks integration in most DCs (Gwilliam, 2003; Ribbens, Everitt, & Noah, 2008). 
The problem involves not only the absence of a land use management agency but also the 
lack of transportation and traffic management (Sutandi & Dia, 2005). It is only recently that 
the Addis Ababa City Administration has announced intentions to establish a traffic 
management unit. Moreover, there is no coordination between the road authority and utility 
providers, which has led to examples where newly constructed footpaths have been dug up, 
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and the base materials have been excavated but not appropriately replaced, leaving an uneven 
surface which results in pedestrians using the roadways.  
 
The provision of pedestrian facilities during planning and construction of road 
projects is not given attention (e.g., in Ghana and South Africa) (Damsere-Derry, et al., 2010; 
Ribbens, et al., 2008) and they are considered as ancillary works if they are incorporated in 
the planning stage (WHO, 2013a). A recent study in two DCs found that pedestrian paths and 
footpaths have generally been poorly maintained, with undulating surfaces and narrow width 
being particularly common (Shah & Silva, 2010). A pedestrian preference interview in 
thirteen Asian countries revealed that 41% of the participants indicated that the pedestrian 
facilities in their cities were very bad or the worst (Leather, Fabian, Gota, & Mejia, 2011). 
Furthermore, as mentioned above, footpaths are frequently used by a number of venues, like 
restaurants and bars, and by events, like roadside markets.  
 
Recently, in Ethiopia, major trunk roads (rural highways) upgrading and construction 
have been incorporating a by-pass in cities for road safety reasons (e.g. Modjo and 
Shashemene cities). However, commercial activities like bars, restaurants, shops, roadside 
vendors and other activities have been relocated into the by-pass areas without permission 
from the road authority. This is because of the lack of coordination between the road 
authority and municipalities during the planning and operation stages of road projects. The 
problems extends to everyone who has settled on the by-passes without lodging an 
application for access points, since the country does not have access point standards and 
permission procedures. 
 
4.6.8 Population Growth Rate 
The population growth rate in extremely poor countries is more than 3% per annum. 
Some selected countries’ populations and their growth trends for 2000, 2008 and 2050 are 
indicated in Figure 4-7. The population growth affects the capacity of pedestrian facilities. 
For instance, the Ethiopian population growth rate is nearly 3.0% per annum, and, currently, 
the total population is more than 91 million (Central Intelligence Agency 2011). In 2050, the 
population will be expected to reach about 150 million (Population Institute, 2010). A direct 
implication is that a large proportion of the population is aged 15 or less, the opposite of 
developed countries. These high numbers of children are exposed to risk of a pedestrian crash 
when travelling to and from school, often when playing, and even when accompanying their 
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parents. As they are smaller they are more difficult for drivers to see, and are physically more 
vulnerable in the event of a crash. 
 
 
Figure 4- 7: Estimated Population Trends for Selected DCs (Population Institute, 2010). 
 
A high population growth rate leads to increased population density and demands 
additional facilities (Lasmoni & Indriastuti, 2010). In turn, huge financial resources will be 
required to provide safe, convenient, and economical infrastructure. However, financial 
constraints are the barrier in developing infrastructure. For example, in Asian cities, provision 
of pedestrian facilities has been unsuccessful when faced with a lack of financial resources to 
support the demand (Leather, et al., 2011). The consequence of the financial resource 
constraints has been deterioration in the safety of pedestrians. This in turn has resulted in 
rising pedestrian crashes. Moreover, as the number and density of the population increase, 
pedestrian volumes rise in the road environment. Research shows that the exposure to 
pedestrian risks rises when the volume of pedestrians increases, rather than traffic volume 
(Gårder, 2004; Lee & Abdel-Aty, 2005). 
 
4.6.9 Lack of Road Safety Education 
In most DCs, pedestrians are not properly aware of pedestrian rules and regulations 
due to the inadequacy of formal and informal education (Sayer & Palmer, 1997). The level of 
formal education is poor in the majority of citizens. For instance, the average expectancy of 
school life from primary to tertiary is 8 years in Ethiopia (Central Intelligence Agency, 2011). 
Moreover, road traffic education has only been introduced into formal education in the last 7-
8 years. However, a lack of knowledge in those who teach road safety and low quality 
teaching materials are significant problems for road safety education in low income countries 
(Sayer & Palmer, 1997; Sayer, et al., 1997). A survey that was conducted in 1,200 schools in 
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three DCs found that little formal road traffic safety education was carried out (Sayer & 
Palmer, 1997). Therefore, the evidence suggests that road safety education is in its infancy in 
many DCs. In contrast, in western countries, road safety education has been present for a long 
time and brought an attitude of change within society (King, 1999). It is arguable that western 
countries have ample experience in this area, and that it is advisable to adapt the available 
knowledge, experience, and technology to the social and cultural context in DCs (King, 
1999). In addition to school-based education, public education about road safety can take 
place via the media. While there is mixed evidence about the effectiveness of public 
education in achieving behaviour change, there is stronger evidence that public education 
campaigns tend to be most effective when they complement enforcement programs (King, 
1999). 
 
4.6.10 Poor Enforcement of Traffic Regulation 
Adequate traffic rules and regulations exist in DCs traffic systems. However, as the 
high proportion of illegal behaviour mentioned above suggests, the problem is that 
enforcement is poor. There are many reasons for this. There is much corruption involved in 
regulatory bodies (Nantulya & Reich, 2002). This corruption extends to ownership of 
vehicles, annual inspections of vehicles, and driver licensing. Also, enforcement bodies lack 
resources, and sufficient training to regulate traffic rule violations (The World Bank Group, 
2002 ). Moreover, DCs usually have a lower proportion of police per population than 
developed countries, there is often a lack of funds to support enforcement outside of working 
hours, and enforcement aimed at traffic often involves controlling traffic movements rather 
than focusing on observance of safety laws (King, 2005).  
 
Poor enforcement of traffic regulations is one of many factors contributing to high 
rates of fatalities and injuries in DCs (McIlvenny, 2006).Moreover, the practice of 
enforcement in DCs is different from and more challenging than in western countries due to 
the lack of political will, training, linkage with engineering and driver training, coordination 
among enforcing bodies, segregation of traffic, and defined responsibilities of enforcing 
bodies (Baluja, 2004). 
 
4.6.11 High Annual Growth of Motorisation 
Growth of motorised traffic leads to a rise in fatalities and injuries from valuable road 
users due to the increment in exposure (Zegeer & Bushell, 2012) . China and India are good 
examples of rapidly rising population growth, urbanisation, per capita income, and ownership 
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of motor vehicles (Pucher, Peng, Mittal, Zhu, & Korattyswaroopam, 2007). For instance, the 
total vehicle population increased from 0.2 million in 1960 to 207 million in 2010 in China, 
and India’s vehicle population grew from 0.4 million in 1960 to 114.95 million in 2009 
(Dargay, Gately, & Sommer, 2007; WHO, 2013a). In 2009, 72% of India’s registered 
vehicles were 2- and 3-wheelers which may not have had crashworthiness features, 
particularly for pedestrians. In 2010, China reported pedestrian fatalities of 16,307, and in the 
same year, India suffered 12,055 pedestrian fatalities (WHO, 2013a). Moreover, motorised 
vehicles in poor countries accounted for 1% of the world vehicle population; however, they 
contributed 12% of road traffic deaths including pedestrians (WHO, 2013a). The increments 
of vehicle population within four years (from 2007 to 2010) in some selected DCs are given 
in Table 4-1. 
 
Table 4- 1: Motorisation Growth in Number from 2007 to 2010 in selected low and middle 
income countries (WHO, 2009) 
Description Registered 
Vehicles 2007 
(thousands) 
Registered 
Vehicles 2010 
(thousands) 
% Motorised 
2- and 3-
wheelers 
% Growth 
in four 
years 
% Growth per 
annum 
(average) 
Africa 
Botswana 294 395 N/A 34 9 
Burkina 
Faso 
515 885 78 72 18 
Ethiopia 244 378 12 55 14 
Ghana 932 1,123 20 21 5 
Kenya 1,004 1,390 N/A 38 10 
Mozambique 259 380 13 47 12 
Tanzania 578 977 46 69 17 
Uganda 1,245 1,489 1 20 5 
Zambia 364 636 N/A 75 19 
Asia 
China 145,229 207,061 N/A 43 11 
India  72,718* 114,952 72 58 15 
Pakistan 52,872 7,853 57 49 12 
Bangladesh 1,054 1,625 60 54 14 
Nepal 617 1,179 76 91 23 
Latin America and Caribbean 
Brazil 49,644 64,818 25 31 8 
Paraguay 576 919 26 60 15 
Colombia 4,951 7,229 49 46 12 
Chile 2,825 3,376 3 20 5 
NB: *2004,! 2006 and N/A= Not Available 
 
Regarding used cars, DCs depend to different degrees on the importation of used cars 
from higher income countries. Used cars supplied to DCs typically do not undergo safety 
inspections and do not meet national safety standards of the exporting country (Akloweg, et 
al., 2011). The technical efficiency of old cars is undoubtedly at a very low standard. In 
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Ethiopia, second-hand cars account for 77% and 48.2% of the imported cars older than 5 and 
10 years old, respectively (Akloweg, et al., 2011). Moreover, these obsolete and technically 
deficient vehicles are in use for long periods without receiving proper service and 
maintenance. This practice is bolstered by the many Ethiopians who are financially incapable 
of procuring a new vehicle at the standard price charged in other countries, and by 
government taxes on the importation of new vehicles (Akloweg, et al., 2011). Overall, the 
skyrocketing growth in motorisation and lack of crashworthiness standards has contributed to 
high levels of pedestrian crashes in DCs.  
 
4.6.12Institutional Capacity 
Institutional capacity in road safety is a major problem in DCs (The World Bank, 
2007). Road safety needs a responsible institution at a national level as well as at different 
levels of state governance units (WHO, 2004). In the case of DCs, there may be responsible 
institutions at a national level, but resources for road safety research and other 
countermeasures are limited. Although there are a few funding schemes for road safety in 
Ethiopia, the funds are not utilised effectively in part due to the lack of understanding of how 
to spend the available money to improve road safety most effectively. A contributing aspect 
is inadequate information in the database as a result of underreporting of crashes (Samuel et 
al., 2012). For instance, fatal crashes in Ethiopia were estimated by WHO to be 14,606 in 
2010, whereas police reports indicated 2,581 in the same year (WHO, 2013a). The 
discrepancies between the two figures are approximately six fold, too great to be solely due to 
flaws in WHO’s estimation process, which highlights the problem of underreporting due to 
the lack of institutional capacity. As a result of the limitations of pedestrian crash data, there 
may be some important, unidentified factors which could affect the impact of intervention 
measures. Moreover, professionals who are responsible for carrying out analysis and 
interpretation of results are not found in DCs, which is why the United Nations (UN) has 
called for collaboration between developed countries and DCs (WHO, 2011). In general, poor 
institutional capacity is a multifaceted problem which incorporates absence of a professional 
skills, and lack of institutional strength for multi-disciplinary action. 
 
4.7 Discussion and Recommendations  
The factors identified previously reveal a range of differences between developing 
and DCs in both the prevalence of risk factors and the contexts in which they operate, as well 
as a wide variation in the application of countermeasures (Mohan, 2002). A standard way of 
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approaching road safety problems is through the “three Es”: engineering, education, and 
enforcement (King, et al., 2009) so these subheadings have been employed. 
 
4.7.1 Engineering 
There are clearly many inadequacies in the provision of road infrastructure for 
pedestrians. This can be seen in the high exposure of pedestrians walking along roads where 
there are no footpaths, having to cross where there are no facilities, and being at risk at night 
due to a lack of adequate lighting. 
 
While full provision of pedestrian infrastructure is prohibitively expensive for existing 
roads, it is possible to incorporate footpaths and crossing points into new roads without a 
large additional cost. For existing roads the focus should be placed on locations where 
pedestrian numbers and risk are highest. For example, pedestrian crashes have often been 
observed to cluster in urban areas. Studies confirmed that multi-modal transportation 
planning can play a vital role in minimising pedestrian involved crashes (Beukes, 
Vanderschuren, & Zuidgeest, 2011). Research in western countries provides growing 
evidence that three engineering countermeasures have brought substantial reductions in 
pedestrian crashes (Retting, Ferguson, & McCartt, 2003), which are: the separation of 
pedestrians from motorised traffic in time and/or location (vertical and horizontal); an 
increase in visibility and pedestrian conspicuity through pavement markings and pedestrian 
lighting; and speed controls for motor vehicles in pedestrian zones (Brude & Larsson, 2000; 
Retting, et al., 2003). At present, engineering treatments for pedestrians are not common 
practice in DCs, as there is a lack of awareness of the wider economic benefit of these 
measures, so this area has unexplored potential. 
 
One way of addressing this need is through the development of planning guides or 
manuals for pedestrian facilities in DCs. Pedestrian safety audits on existing and new roads 
should be conducted (Nabors et al., 2007). Areas that will attract high volumes of pedestrians 
could be planned not to conflict with major arterial roads and freeways, which would reduce 
interactions between pedestrians and vehicles. Multi modal transportation planning has 
potential benefits as well, but requires the engagement of the private sector to deliver 
efficiency and effectiveness. 
 
Vehicle standards and crashworthiness have also been identified to have influence on 
pedestrian safety and thus could also be addressed to improve pedestrian safety. Most DCs 
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import vehicles from high income countries, however as noted earlier many are older vehicles 
that may no longer be roadworthy or have up-to-date safety features. In addition, while they 
have been manufactured to meet the safety standards of the originating country and its 
environmental conditions (Mohan, 2002), they may not be suitable in other geographic 
situations where altitude, climate, and road conditions differ. Ethiopia often imports vehicles 
from European and Arabian countries (Akloweg, et al., 2011), however unlike these countries 
Ethiopia has extremes of altitude (from 120m below sea level to 4,550m above sea level) 
which could affect the safety performance of vehicles. Western countries could address this 
by controlling the quality of export cars, both new and used (Akloweg, et al., 2011). On the 
other hand, DCs could encourage the purchase of new cars by reducing the burden of taxes. 
Also, there is a need to ensure the ongoing operational safety of vehicles through regular 
inspections. Most two- and three-wheelers are produced in small scale factories which do not 
incorporate safety standards, and DCs could give attention to enforcing safety requirements 
as they constitute a significant proportion of the vehicle population (WHO, 2013a). 
 
4.7.2 Education 
Evidence suggests that pedestrians in DCs have little knowledge of and an indifferent 
attitude towards traffic rules  (Jacob & Sayer, 1984). Improvements to road infrastructure and 
vehicle crashworthiness will have a limited impact if pedestrians and drivers do not know 
how they should behave and interact. Road safety education for pedestrians would involve 
alerting them to road traffic rules, and there is a similar need for drivers to understand their 
legal requirements, such as when pedestrians have right of way. This is only part of the 
answer, however, if there is insufficient infrastructure to enable pedestrians and drivers to 
comply with the law. 
 
Moreover, aggressive promotional campaigns and road safety education could address 
the problem of noncompliance of pedestrians with crossing regulations, but absence of 
relevant data about illegal pedestrian crossing behaviour makes this difficult (King, et al., 
2009). One study suggested the appropriateness of community education from the 
experiences of western countries (Davis & Quimby, 2003). School children are at risk of 
involvement in a pedestrian crash because they are difficult to see and in many DCs there are 
very large numbers of school children; providing education at school about safe crossing 
should assist in reducing their risk. 
 
  
 
 
96 
 
4.7.3 Enforcement 
Changes to infrastructure and education about rules and rights are of little assistance 
to pedestrians if they fail to comply with laws aimed at enhancing pedestrian safety. Illegal 
crossing is a major problem in aggravating pedestrian crashes in DCs (Ahmed 2000), and 
includes people deliberately ignoring infrastructure provided for safety reasons. There is also 
a need to ensure driver compliance, not just with rules relating to pedestrians, but also 
observance of speed limits and traffic control signals and signs. At present enforcement tends 
to focus on ensuring traffic flow, often leading to police ignoring other offences. 
 
4.7.4 A Combined Approach 
The difficulty with an enforcement approach on its own is that there are many places 
(easily found in Addis Ababa) where crossing illegally is the only way to cross the road at all. 
This suggests that infrastructure provision and enforcement go together. It has also been 
suggested that a combination of education and a campaign for enforcement may bring a 
paradigm shift in the behaviour of pedestrians (Tay, 2005), and this also has implications for 
infrastructure, since the provision of overpass and underpass facilities should be undertaken 
while in the context of public acceptance through education.  
 
Whatever approach is taken to addressing pedestrian safety in DCs such as Ethiopia, it 
should rely on evidence and best practice. While the discussion above has identified some 
measures that have potential, there is clearly a need to undertake further research into 
pedestrian exposure and risk in DCs. Similarly, there is also a need to understand the 
potential and limitations that apply to engineering, education and enforcement measures 
within the country of interest. It is intended that these considerations will guide research 
which we plan to undertake in Ethiopia in the near future 
 
4.8 Conclusion 
In conclusion, an overview of previous works in developing countries, particularly in 
Ethiopia, has identified many variables for pedestrian crash risks that are contributing to 
pedestrian crashes. These risk factors are found to be significantly different from those in 
more affluent countries. Many reports confirm that pedestrian crashes are the dominant type 
of crashes in Africa and other developing countries (WHO, 2013a; WHO, 2013b) but not in 
developed countries. There are also wide gaps in knowledge in DCs, and therefore a pressing 
need for a comprehensive assessment of pedestrian behaviour and crash risks.  
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Moreover, the pedestrian crash risks identify a need for an in-depth examination of 
the national crash database of Ethiopia, which will underpins the finding of this section and 
paves the way for the subsequent sections.  
 
The findings of this chapter in which the main risk variables and contributing factors 
are identified are the foundation of this research. For instance, motorized traffic and 
pedestrian volumes are major variables to be investigated how to explain their influence 
(exposure) on pedestrian crashes in developing countries. Furthermore, crossing roadways, 
lack of pedestrian facilities and land use can be investigated by developing pedestrian safety 
performance function to explain and understand pedestrian crashes in Ethiopia. In addition to 
these, inadequate visibility, pedestrian demography, other roadway design parameters and 
site characteristics factors would be quantitatively examined to understand their association 
with pedestrian crashes in the country. As a result, the next chapter will analyse the national 
crashes database over a six year period which will show that the characteristics of pedestrian 
crashes in Ethiopia are different to those in developed countries. Also, this analysis will help 
to identify particular infrastructure types and intersections for the development of pedestrian 
safety performance function. 
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CHAPTER 5: PAPER 2-ANALYSIS OF ETHIOPIAN CRASH DATA TO 
IDENTIFY FACTORS CONTRIBUTING TO PEDESTRIAN CRASHES 
5.1 Introductory Summary 
This paper examines the characteristics of police-reported road traffic crashes in 
Ethiopia. The study focuses on analysing six year data. A quantitative approach was applied 
to examine the factors associated with crashes in Ethiopia using descriptive statistics. The 
statistical analyses were carried out on the factors of time, type of road user, road 
environment, collision type, and vehicle type. Finally, there is a discussion of the findings of 
those analyses. This chapter presents the peer-reviewed conference paper. The candidate is 
responsible for all aspects of the manuscript preparation. The secondary level flow chart is 
given below. 
 
Figure 5- 1: Secondary Label Flow Chart for Characteristics of road traffic 
crashes in Ethiopia over a six year period  
Chapter 5: Analysis of Ethiopian crashes data to identify 
factors contributing to pedestrian crashes  
5.1 Introductory Summary    
5.2 Note 
5.3 Statement of authorship  
5.4 Abstract 
5.5 Introduction 
5.6 Methods 
5.7 Results 
5.8 Discussions 
5.9 Conclusions 
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5.2 Notes 
Taken from: 
Tulu, G. S., Washington, S. & King, M. J. (2013) Characteristics of Police-reported Road 
Traffic Crashes in Ethiopia over a Six Year Period. The Road Safety Research, 
Policing and Education Conference 2013 (RSRPE2013), 2013 Brisbane, Queensland-
Australia. Brisbane. 
 
The authorship criteria have been met and authors have taken the responsibility based 
on their contribution. All authors have contributed according to the criteria for authorship and 
the candidate accepts the full responsibility as the first author. Moreover, the candidate was 
responsible for all aspects of preparing the manuscript, reviewing previous studies, 
formulating the ideas, analysing the statistics, interpreting statistics analysis and their 
implications, and structuring, writing, and appropriately referencing the manuscript.  
 
The candidate was responsible for the collection of data from the Addis Ababa Police 
Stations and the analysis of the data collected. The second, third and fourth authors are 
members of the candidate’s supervisory team and, in addition to providing assistance with 
manuscript revision and some correction, their contribution to the paper has been supervisory 
in nature.  
 
The paper was peer-reviewed as a condition of the Australasian Road Safety 
Research, Policing & Education Conference 28th–30th August, Brisbane, Queensland. This 
paper examines the road traffic crashes as recorded in the police crash database in Ethiopia; 
however, the database has a potential underreporting problem. 
 
5.3 Statement of Authorship 
The authors listed below have certified that: 
 They meet the criteria for authorship in that they have participated in the 
conception, execution, or interpretation, of at least that part of the publication in 
their field of expertise; 
 
 They take public responsibility for their part of publication; except for the 
responsible author who accepts overall responsibility for the publication; 
 
 There are no other authors of the publication according to these criteria 
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 Potential conflicts of interest have been disclosed to (a) granting bodies, (b) 
the editor or publisher of journals or other publications, and (c) the head of the 
responsible academic unit, and  
 
 The co-authors have given their consent to the use of the paper in the 
dissertation and its publication on Queensland University of Technology Digital 
Thesis database. 
 
Contributors  Statement of contribution 
Getu Segni Tulu  Reviewing the literature, formulating arguments, structuring and 
writing the manuscript, addressing reviewers’ comments  
Signature & Date   
Simon Washington  Supervisor research, comments on manuscript and editing  
Mark King  Supervisor research, comments on manuscript and editing 
 
Principal Supervisor Confirmation  
I hereby certify that the above information is true and correct 
 
_______________ ______________ _______________________ 
Name                   Signature                           Date  
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5.4 Abstract 
Ethiopia has one of Africa’s fastest growing non-oil producing economies, and an 
associated increasing level of motorisation (AfDB, OECD, UNDP, & UNECA, 2012). This 
rapidly increasing mobility has created some unique road safety concerns; however there is 
scant published information and related commentary (United Nations Economic Commission 
for Africa, 2009). The objective of this paper is to quantify police-reported traffic crashes in 
Ethiopia and characterise the existing state of road safety. Six years (July 2005 - June 2011) 
of police-reported crash data were analysed, consisting of 12,140 fatal and 29,454 injury 
crashes on the country’s road network. The 12,140 fatal crashes involved 1,070 drivers, 5,702 
passengers, and 7,770 pedestrians, totalling 14,542 fatalities, an average of 1.2 road user 
fatalities per crash. An important and glaring trend that emerges is that more than half of the 
fatalities in Ethiopia involve pedestrians. The majority of the crashes occur in daytime and 
most of the time involve Ethiopia’s active workforce. Crashes frequently occur in mid blocks 
or roadways. The predominant collision between motor vehicles and pedestrians was a 
rollover on a road tangent section. Failing to observe the priority of pedestrians and speeding 
were the major causes of crashes attributed by police. Trucks and minibus taxis were 
involved in the majority of crashes, while automobiles (small vehicles) were less involved in 
crashes relative to other vehicle types, partially because small vehicles tend to be driven 
fewer kilometres per annum. These data illustrate and justify a high priority for identifying 
and implementing effective programs, policies, and countermeasures focused on reducing 
pedestrian crashes. 
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5.5 Introduction 
This paper represents the analysis of road traffic crashes in Ethiopia using police-
reported crash data. Road traffic crashes pose a significant burden in Ethiopia, as is the case 
for other developing countries. Currently, developing countries contribute to over 90% of the 
world’s road traffic fatalities (WHO, 2009) and overall road injury disability-adjusted life 
years (DALYs) increased by 2.5% between 1990 and 2010, with pedestrian injury DALYs 
increasing by 12.9%, which is more than any other category (Christopher, Murray et al., 
2012). This finding implies that pedestrian injury on the road is a problem that has increased 
at a global level and is disproportionately attributable to developing countries. The social and 
economic impacts of road crashes in developing countries are not well understood. It is 
believed that the implications are immense and that road safety issues require more 
immediate attention of researchers, professionals, and politicians. Developing countries have 
embarked on achieving the United Nations Millennium Development Goals as a primary 
objective; however, these goals do not explicitly include road safety. Despite the lack of a 
specific mention of road safety within economic targets, road crashes and economic 
productivity are linked because primary income earners within families are disproportionately 
represented among fatalities. At least one study has demonstrated that road crashes have a 
negative impact on the achievement of the Millennium Development Goals (Bryceson, 
Bradbury, & Bradbury, 2006). Therefore, the road crash problem in Ethiopia merits 
investigation both in its own right and because of its linkages with other development 
objectives.  
 
Recently, Ethiopia has become one of the fastest growing non-oil producing 
economies in the world (Wong & Kockelman, 2013). Car ownership has also grown rapidly 
at about 7.0% per annum on average (Ethiopian Roads Authority, 2011). The construction of 
roads is one of the major focal areas of the government to fast-track economic growth. 
Although the vehicle population growth rate per annum is increasing, the number of total 
vehicles remains low compared to other developing countries. Currently road density and 
number of vehicles per 1,000 inhabitants in Ethiopia are low compared with other African 
countries (Table 5-1).  
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Table 5- 1: Paved Road Density per 1000 sq. km and Vehicle Population per 1,000 People in 
Selected African Countries (The World Bank, 2012; Yepes, Pierce, & Foster, 2009) 
 Ethiopia Uganda Kenya Ghana  Nigeria  Botswana  South 
Africa  
Road density by area, 
km/1,000km
2
 in 2001 
4 8 13 58 65 10 60 
Motor vehicles (per 1,000 
people) in 2009 
4 8 23 30 31 133 162 
 
The aim of this paper is to quantify, characterise, and interpret trends in road crashes 
reported to police over a six-year period in Ethiopia. The characteristics considered in the 
paper include where crashes occurred, when crashes occurred, who was involved, what 
events or conditions present, and the circumstances contributing to the crashes. The analysis 
will provide valuable information to policy makers to assist them in curbing the current road 
crash situation in Ethiopia. 
 
5.6 Methods 
Road traffic crash data were supplied by the Ethiopian Police Commission for the 
period July 2005 to June 2011 (six years), which was the latest data available at the time. A 
crash record book is kept at each police stations and each police station reports summarised 
crash data to the regional state administration (administratively, Ethiopia is comprised of nine 
states and two cities). Regional administrations consolidate the regional reports and submit 
them to the Federal Police Commission. The crash database variables include time of day, 
day of week, education, age and gender of drivers, driving experience, driver’s relationship 
with vehicle (employee/owner/other), vehicle service years, vehicle type, vehicle ownership, 
road type, land use, median and junction types, terrain, pavement type, pavement conditions, 
illumination, weather conditions, casualty type, and reason for the crash. Vehicle population 
data were also obtained from the Ethiopian Transport Authority on the numbers of vehicles in 
different categories. Data from the population census, which was conducted in 2007, was 
obtained from the Ethiopian Statistics Agency. Then, road crashes were characterised using 
descriptive analysis to examine the relationships among factors and to identify possible 
causes and contributing factors. An analysis of time variation of crashes was carried out to 
identify the most crash-prone hours of the day in order to propose enforcement measures to 
address the situation. Demographic factors of road users were characterised, as well as road 
environment factors, crashes by collision and vehicle types.  
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5.7 Results 
5.7.1 Variation in Crashes by Time of Day and Day of Week 
The majority of crashes occurred during daylight hours. Figure 5.2 shows that crashes 
increased rapidly from 6:00am to 7:00am. Numbers were more or less steady until 8:00 pm 
after which they declined in most cases, though not as steeply as the morning increase. Figure 
5-3 provides traffic volume data by hour for several important roads. It can be seen that the 
change in volume by time of day is similar to the change in crashes. A study conducted in 
Nairobi revealed a similar pattern and found that daytime crashes accounted for 83.7% of 
crashes (Maycock & Hall, 1984). There is no information available on the activities being 
pursued across the day, however it can be speculated that the variation in volume reflects 
some standard activity patterns with which the first author is familiar. In the morning, most 
trips are from home to work and/or school. These need to be achieved in a compressed period 
of time. However, the afternoon rush hours are characterised by trips from work or school to 
home or other secondary destinations, which take place over a longer period, such that 
(similar to the change in crashes) volume drops slowly. It should be noted that there was 
some variability between years, however there was no consistent pattern. 
 
Figure 5- 2: Variation in Road Traffic Crashes by Time of Day, July 2005-June 2011 
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Figure 5- 3: Motorised Traffic Volume by Time of Day on Selected Major Road 
Segments in 2011 (Ethiopian Roads Authority, 2012). 
 
5.7.2 Crashes by Road User 
The age range of drivers involved in crashes is shown in Table 5-2. The highest 
number of crashes (fatal, injury, and property damage) involved drivers in the 18–30 year age 
group (45%) and in the 31-50 year age group (35%). The drivers in the age group 18-30 were 
involved in more crashes, followed by the age group 31-50 (Schneider, Arnold, & Ragland, 
2008a). 
 
Driver education levels were also recorded. Drivers whose education level was junior 
school or below represented 58.5% and 52.6% of fatal and injury crashes, respectively. This 
finding is consistent with previous studies in Ethiopia (Schneider, et al., 2008a), however it is 
difficult to reach conclusions about the significance of the findings without knowing the 
education levels of drivers in the general population. 
 
Gender also presents differentiation in crash involvement. Over the six years, male 
and female drivers were involved in 10,928 (90.02%) and 684 (5.63%) fatal crashes 
respectively. Gender in the remaining 528 (4.35%) fatal crashes was not recorded in the crash 
reports. There are two possible reasons for the high proportion of male drivers involved in 
crashes. Firstly, professional driving jobs are dominated by male drivers, especially for jobs 
in remote areas or those that involve nighttime driving. It is worth noting that female 
involvement in paid employment (or self-employment) is low in Ethiopia (Vogt, 1999). 
Kilometres travelled per annum by women as drivers are most probably lower than men. 
Unfortunately, there is insufficient data on gender composition of drivers to enable the rates 
to be calculated accordingly. 
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Table 5- 2: Crashes by Driver Age, Education, and Gender, July 2005-June 2011 
Variables Fatal Injury Property Total % 
Driver Age       
Less than 18 342 775 766 1,883 1.8 
18-30 6,005 14,182 25,624 45,811 44.5 
31—50 3,853 9,027 23,491 36,371 35.3 
More than 51 764 2,023 6,276 9,063 8.8 
Unclassified age  1,176 3,447 5,279 9,902 9.6 
Total 12,140 29,454 61,436 10,3030 100.0 
Driver Education Level       
Illiterate 374 607 526 1,507 1.46 
Writing & reading 598 1,192 1,641 3,431 3.33 
Elementary school 2,644 5,327 8,762 16,733 16.24 
Junior high school 3,484 8,374 12,838 24696 23.97 
High school 3,235 8,638 23,612 35,485 34.44 
Above high school 1,077 2,588 9,844 13,509 13.11 
Unknown  728 2,728 4,213 7,669 7.44 
Total 12,140 29,454 61,436 103,030 100.00 
Driver Gender       
Male  10,928 25,628 54,005 90,561 87.90 
Female  684 1,462 3,534 5,680 5.51 
Unclassified  528 2,364 3,897 6,789 6.59 
Total 12,140 29,454 61,436 103,030 100.00 
 
Fatal and injury crashes totalled 66,115 over a six year period. The composition of 
fatalities and injuries was 22% and 78% respectively. Fatalities in terms of road users 
(drivers, passengers, and pedestrians) were 7.36%, 39.21%, and 53.43% respectively. In 
terms of gender, males accounted for 76.98% and females for 22.02% of the fatalities during 
the period. The population census in 2007 indicated that the split of males and females in the 
population was almost equal, so that male road users were greatly overrepresented in road 
fatalities per capita compared with females. As noted above, males are considered to be more 
likely than females to drive, although data on kilometres travelled by gender was not 
available, nor is activity based information available. Table 5-3 shows the fatal crashes 
according to male and female road users. The trends for male and female road users in 
various age categories are different. As mentioned previously, males were more vulnerable to 
death from crashes and roughly 15 times as many male drivers are killed compared with 
females. 
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Table 5- 3: Fatalities for Road Users by Gender and Age Group and Population Demography in Ethiopia, July 2005-June 2011 (Population Census 
Commission, 2008). 
Age in 
years 
Fatalities for Road Users in Gender and Age Groups Population in 2007 
(Thousands) 
Average Annual Fatality Rate per 100,000 
Inhabitants  
Drivers Passengers Pedestrians Total M F Total % M F Total 
M F M F M F M F Total % 
<18 45 6 1,562 723 513 271 2,120 1,000 3,120 21.4 19,726 18,742 38,468 52.1 2 1 1 
18-30 506 28 1,773 470 2,262 612 4,541 1,110 5,651 38.9 8,658 9,426 18,084 24.5 9 2 5 
31-50 355 29 1,565 418 1,274 308 3,194 755 3,949 27.2 5,983 6,005 11,988 16.2 9 2 6 
≥ 51 96 5 948 311 295 167 1,339 483 1,822 12.5 2,918 2,439 5,358 7.3 8 3 6 
Total 1,002 68 5,848 1,922 4,344 1,358 11,194 3,348 14,542 100 37,285 36,612 73,897 100 5 2 3 
 
Table 5- 4: Road Traffic Fatality Crashes by Road Type and Road Pavement July 2005-June 2011 
Road Traffic Fatality Crashes by Road Type Total % 
Variables Twelve Month Periods (July-June) 
2005/6 2006/7 2007/8 2008/9 2009/10 2010/11 
Road Types         
Interstate 728 758 768 606 473 1027 4360 35.9 
Collector 211 237 238 300 375 509 1870 15.4 
Access  237 327 351 224 360 215 1714 14.1 
City  625 707 690 672 1003 499 4196 34.6 
Total  1801 2029 2047 1802 2211 2250 12140 100 
Road Traffic Fatality Crashes by Road Pavement ( Surface) Type  
Asphalt roads 1237 1429 1208 1242 1534 1494 8144 67.1 
Asphalt roads with 
some distress  
76 65 66 75 221 354 857 7.1 
Gravel roads  379 416 471 314 356 397 2333 19.2 
Earth roads 109 119 302 171 100 5 806 6.6 
Total  1801 2029 2047 1802 2211 2250 12140 100 
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The difference is not as marked among passenger and pedestrian fatalities, where 
male deaths are approximately three times higher than female deaths. Among age groups, 
those aged under 18 account for only 21.6% of fatalities although they make up more than 
half the population, such that the 18-30 and 31-50 age groups account for two-thirds of 
fatalities. This is consistent with international reports that indicate that road traffic injuries are 
the second and third leading causes of death for age groups 15-29 and 30-44 (Glewwe, 
Gragnolati, & Zaman, 2000). 
 
Table 5-3 also presents data on the average annual fatalities rate per 100,000 
inhabitants in these age group categories. Notably, even though these rates illustrate the 
gender and age group differences described above, they are not high compared with many 
other countries, but the overall rate of 3 road traffic deaths per 100,000 population is also 
considerably lower than the rate of 18 estimated by the latest Global Status Report on Road 
Safety (Ipingbemi & Aiworo, 2013). This sixfold discrepancy may be due to significant 
underreporting of crashes, and this requires further investigation. 
 
5.7.3 Crashes by Road Environment 
Table 5-4 indicates that interstate and city roads accounted for 70.5% of fatal crashes. 
Most of these are paved two-way two-lane roads. A pilot speed study conducted in an urban 
environment on paved roads in the southeast of the country indicated that 47% of 1,307 
vehicles observed disobeyed the posted speed (WHO, 2013a). According to the practice in 
Ethiopia, the posted speed is 30 km/h in towns since the roadways are often used by mixed 
traffic, especially pedestrians and animal drawn carts. Observations at some sites indicate that 
there are many inconsistencies in design speed as well as posted speed (Hunnes, 2012), and 
passing lanes are rarely provided. 
 
Although only 16.1% of the population live in urban areas, these areas account for the 
majority of road traffic crashes due to the clustering of vehicles in cities, for instance vehicles 
in Addis Ababa constitute 77% of country’s vehicle population (Federal Democratic 
Republic of Ethiopia Population Census Commission, 2008; Oh, Washington, & Choi, 2004). 
This implies that road traffic crashes typically occurred in busy areas. About 74.4% of fatal 
crashes occurred on paved roads and only 25.2% on gravel and earth roads, whereas paved 
roads make up only 18.62% of the road network, while 28.31% are gravel, and 53.07% earth 
(Ethiopian Roads Authority, 2011). Paved roads are heavily trafficked in terms of loads and 
volumes, mainly because the provision of asphalt paved surfaces depends on the volume of 
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traffic. Unfortunately, actual traffic volumes are not known and so rates cannot be calculated 
to enable comparison between road surface types. 
 
There are also links between different land use types and the occurrence of crashes. 
The analysis indicates that most fatal and injury crashes occurred in and around cities, 
particularly in central business districts and residential areas. Table 5-5 shows that 27.7% 
fatalities and 33.4% of serious injuries occurred in central business districts and residential 
areas in the six year period under consideration. This is consistent with the findings of 
another study which was carried out in Addis Ababa (Schneider, et al., 2008a). Similarly, 
39.1% of property damage crashes occurred in central business districts. The high occurrence 
of crashes in these areas may be explained by the complexity of the road environment, mixed 
traffic and built-up property along these roads that attracts mixed road users with variation 
across time and location. Rural villages are also crash prone areas, second to central business 
districts and residential areas for fatalities.  
Table 5- 5: Crashes by Land Use 
Land use  Fatal Crashes % Injury Crashes % Property Damage % 
Rural village areas 3041 25.0 4737 16.0 4334 7.1 
Agriculture areas 1948 16.1 3584 12.1 4360 7.1 
School areas 892 7.4 1903 6.5 2379 3.9 
Industrial 355 2.9 929 3.2 1554 2.5 
Church areas 462 3.8 1369 4.7 2855 4.7 
Market areas 820 6.8 3147 10.8 6720 10.9 
Recreational areas 562 4.6 1908 6.4 4505 7.3 
Hospital areas 342 2.8 617 2.1 2552 4.2 
CBD 1765 14.5 6290 21.4 24039 39.1 
Urban Residential  1597 13.2 4234 14.3 6955 11.3 
Other 356 2.9 736 2.5 1183 1.9 
Total 12140 100 29454 100 61436 100 
 
The speed limit in village sections in Ethiopia is 30 km/h; however, most drivers 
operate on these road environments at a higher speed as they approach from open and 
agricultural areas, and then do not reduce their speed sufficiently (National Road Safety 
Coordination Office, 2006). A probable contributor to this behaviour is the lack of provision 
of transitional speed zones. For instance, the speed limit on paved, rural, two-lane roads is 
80kph, but villages and towns along the roads have a speed limit of 30 km/h without any 
transitional speed zones in between. As a result of the lack of transition, geometric 
parameters and roadside features can change abruptly and motorists may encounter heavy 
workload (e.g. pedestrian and animal traffic) which creates safety risks (Vogt & Bared, 
1998b). 
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The absence of median strips or barriers also has a significant effect in increasing 
crashes. Usually, rural two-lane roads lack these physical barriers which separate opposing 
incoming and outgoing traffic flows. Two-way, two-lane roads constitute the major 
proportion in of the road network in Ethiopia. According to the six years of data considered 
here, 59.95% of fatal crashes occurred on undivided roadways with two lanes. Dual 
carriageways and one-way roads accounted for 12% and 25% of fatal crashes respectively. In 
the case of injury crashes, the former types accounted for 56.46% of the total injuries and the 
latter were responsible for 18.11%. The provisions of median barriers are dependent on 
traffic volume, which means there are few kilometres of such roads, and almost all are in 
Addis Ababa. 
 
With respect to road alignment, 65.18% of fatal and 67.33% of injury crashes 
occurred on tangent (straight) road segments with flat terrain. Tangent roads with mild grade 
and flat terrain contributed to 9.6% of fatal and 9.5% of injury crashes. Adding these figures 
together, this means that 74.78% of fatal crashes and 76.83% of injury crashes occurred on 
tangent roads with almost flat terrain in the period July 2005-June 2011 (Table 5-6). These 
findings are in line with other studies conducted in Ethiopia (Schneider, et al., 2008a; Tulu, 
2007). Crash probability usually increases in mountainous and escarpment terrain road 
sections (Aultman-Hall, Lane, & Lambert, 2009), but without traffic volume data it is 
difficult to confirm this result in Ethiopia. There is also research evidence that tangent road 
segments may actually be riskier than horizontal curves on four lanes roads (Schneider, 
Henry, Mitman, Stonehill, & Koehler, 2011), and again this cannot be confirmed in Ethiopia 
with current data.  
 
Lighting conditions were not important and most crashes occurred during the daylight 
hours as they followed travel pattern of citizens. As mentioned above, most crashes occurred 
in daytime with sufficient lighting conditions, which is similar to findings in other research 
(Saidi&Kahoro, 2011). Table 5-6 shows that 62.45% of fatal crashes occurred in daylight. 
When twilight and sunrise are included with the daylight category, the proportion rises to 
76.82% of injury crashes. Research elsewhere has found high rates of pedestrian fatal crashes 
around twilight and sunrise (Griswold, Fishbain, Washington, & Ragland, 2011); however, it 
was not possible to determine whether this applied in Ethiopia. 
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Table 5- 6: Fatal and Injury Crashes in the Six Year Period by Lanes/Medians, Road 
Alignment, Junction Type and Illumination Conditions 
Descriptions  Fatal 
Crashes 
% Injury 
crashes 
% 
Lanes/Medians     
One way  3020 24.88 6391 21.7 
Undivided Two way  7278 59.95 16631 56.46 
Double carriageway (median) 1482 12.21 5335 18.11 
Two-way (divided with solid lines road 
marking) 
236 1.94 727 2.47 
Two-way (divided with broken lines road 
marking) 
124 1.02 259 0.88 
Total 12140 100.00 29454 100 
Road Alignment     
Tangent road with flat terrain  7,913 65.18 19832 67.33 
Tangent road with mild grade and flat terrain  1,166 9.60 2797 9.50 
Tangent road with mountainous terrain and 
escarpments 348 2.87 816 2.77 
Tangent road with rolling terrain  337 2.78 909 3.09 
Gentle horizontal curve 587 4.84 1,325 4.50 
Sharp reverse curve  525 4.32 1,069 3.63 
Steep grade upward with mountainous terrain  515 4.24 990 3.36 
Steep grade downward with mountainous 
terrain  669 5.51 1,478 5.02 
Other  80 0.66 238 0.81 
Total 12,140 100.00 29,454 100.00 
Illumination conditions     
Daytime with sufficient daylight  7,581 62.5 20,094 68.22 
Twilight 871 7.17 2,004 6.80 
Sun rising  874 7.20 1,590 5.40 
Night with sufficient light 1,293 10.7 2,470 8.39 
Night with insufficient light  542 4.46 1,519 5.16 
Night without light 781 6.43 1,407 4.78 
Other  198 1.63 370 1.26 
Total  12,140 100.00 29,454 100.00 
Road junction type     
Midblock  8,565 70.55 21,977 74.61 
Y-junction 1,570 12.93 2,030 6.89 
T-junction  742 6.11 2,367 8.04 
Roundabout  371 3.06 848 2.88 
Four leg junction  539 4.44 1,600 5.43 
Five leg junction 95 0.78 111 0.38 
Rail crossing  34 0.28 68 0.23 
Other  224 1.85 453 1.54 
Total  12,140 100.00 29,454 100.00 
 
Midblock road sections had a considerable share of fatal and non-fatal crashes in the 
six years, probably because much pedestrian crossing takes place in these sections. Overall, 
70.55% of fatalities and 74.61% of non-fatal injury crashes occurred on midblock road 
sections, as shown in Table 5-6. By comparison, intersections were safer, which is contrary to 
the findings usually reported in the research literature (Turner, Roozenburg, & Francis, 
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2006b). Marked and other crossing facilities are rare in midblock areas, which might result in 
increased fatal and non-fatal crashes. 
 
5.7.4 Crashes by Collision Type 
Most crashes occurred while vehicles were driving straight ahead on tangent road 
sections (68.69% of fatal crashes and 71.44% of injury crashes). In contrast, manoeuvring at 
intersections, overtaking, U-turns, entering and exiting from driveways, and other types of 
manoeuvre contributed relatively less to the occurrence of fatal and non-fatal crashes. 
 
During the six years, pedestrian collisions comprised 48.55% of fatalities, while 
rollovers accounted for 17.34%. For injuries, the respective figures were 53.16% and 17.17%. 
The high rate of pedestrian collisions is common in developing countries and has been 
attributed to factors including poor land use planning, poor pedestrian behaviour, poor 
enforcement of traffic regulations, inadequacy of the road network and poor road 
maintenance, and inadequate provision of pedestrian facilities (Damsere-Derry, et al., 2010; 
Gwilliam, 2003; Nantulya & Reich, 2002; Shah & Silva, 2010). Moreover, there are many 
pedestrians, so if a vehicle is going to run into a road user, it will in all likelihood be a 
pedestrian.  
 
Rollover crashes often occurred on horizontal curved sections of roads, however, 
most rollover crashes in Ethiopia occurred on tangent road sections. The causes of rollover 
crashes on tangent sections of roads could include speeding, which has been found to 
contribute as much as 45% to rollover crashes (Bonneson, Pratt, & Songchitruksa, 2011). 
 
Not observing priority of pedestrians and speeding were major causes of fatal and 
non-fatal crashes. The two combined contributed to 44.80% and 45.89% of fatal and injury 
crashes respectively (see Table 5-7). Observational studies undertaken in Ethiopia indicate 
that disobeying traffic control devices is a major problem (Miranda-Moreno, Morency, & El-
Geneidy, 2011). This noncompliant behaviour of drivers also extends to other causes of 
crashes. Some of those identified in the literature are speeding, failure to give priority to 
pedestrians, and incorrect overtaking. Moreover young drivers in the age category 18-30, 
particularly in professional driving are riskier in their behaviour (Schneider, et al., 2008a). In 
contrast, drink driving and drug driving made non-significant contributions in terms of 
fatalities and injuries during this period. The figure might be non-significant due to the lack 
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of testing for alcohol and drugs. WHO notes that Ethiopia undertakes little alcohol and drug 
testing (WHO, 2009). 
 
Table 5- 7: Crashes by Manoeuvre, Collision and Vehicle Type 
Description Fatal 
Crashes 
% Injury 
Crashes 
% 
Collision Types     
Head –on collisions  604 4.98 608.98 4.48 
Rear-end collisions 333 2.74 335.74 4.16 
Broadside collision  284 2.34 286.34 2.85 
Sideswipe collision  260 2.14 262.14 2.72 
Rollover 2105 17.34 2122.34 17.17 
Collision with pedestrians 5894 48.55 5942.55 53.16 
Fall from vehicles 1024 8.43 1032.43 6.46 
Collision with animals 609 5.02 614.02 4.23 
Collision with roadside parked vehicles 219 1.8 220.8 1.49 
Collision with road side objects 370 3.05 373.05 1.43 
With Train 233 1.92 234.92 0.07 
Others 100 0.82 100.82 0.74 
Unknown 105 0.86 105.86 1.04 
Total 12140 100 12240 100 
Type of Vehicles     
Cycle and Motorcycle 451 3.71 1258 4.27 
Automobile and Land Cruiser 1204 9.92 5606 19.03 
Commercial Vehicle 5780 47.61 11124 37.77 
Minibuses and Buses 4191 34.52 10569 35.88 
Earth Moving 183 1.51 248 0.84 
Rail 2 0.02 5 0.02 
Animal Drawn Cart 48 0.40 126 0.43 
Others  70 0.58 173 0.59 
Unknown  211 1.74 345 1.17 
Total 12140 100.00 29454 100.00 
 
5.7.5 Involvement of Vehicle Types in Crashes 
Crashes were analysed in terms of vehicle type, and findings indicated that 
commercial vehicles were involved in 38.4% of fatalities and 37.8% of injuries in the six-
year period. Minibus taxis and buses were also involved in 34.5% of fatalities. However, 
these trucks and buses currently make up only 18.22% and 12.49% respectively of the vehicle 
population in the country. This is consistent with other research which has found that trucks 
were more involved in crashes in less developed countries (Mohan, 2002). On the other hand, 
automobile vehicles had low fatality and injury records; however, there were significantly 
high numbers of property damage crashes during the period. This may be due to the lower 
annual kilometres travelled by this group of vehicles; however there are no data to confirm 
this. Vehicle roadworthiness may be a problem, since 36% of imported vehicles and 65% of 
the vehicle population have been found to have an age of over 15 years (Oh, et al., 2004). 
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Given these figures, it is not surprising that vehicles aged over 5 years were involved in the 
majority of crashes in Addis Ababa (Oh, et al., 2004). 
 
5.8 Discussion 
This paper represents a unique and comprehensive descriptive analysis and 
interpretation of injury crashes on Ethiopian roads. The following major trends and 
observations are revealed by the comprehensive analysis:  
1. The variation in road traffic crashes by time of day reflects variations in traffic 
volumes, and most crashes occur during daylight. However, the level of severity 
may not follow the same pattern and needs further in-depth investigation. 
 
2. Driver involvement in crashes is disproportionately high for the 18-30 age groups, 
followed by the 31-50 age groups. This trend also applies for all road users killed 
and injured. As a developing country, the population age distribution indicates 
that about half the population are aged under 18, however people of working age 
are more likely to be involved in crashes. It is likely that, on average, individuals 
in the workforce make more trips per day by various modes of transportation, and 
especially as pedestrians. As a result, they spend more time in contact with 
motorised traffic in a variety of road environments and are therefore more exposed 
to the risk of crashes. Thus, unlike other age strata, these age groups suffer more 
injuries and deaths from road traffic crashes. 
 
3. Most crashes occurred on paved two-way two-lane roads (in cities and on 
interstate highways), particularly in central business districts; and residential 
areas. As a developing country, the transportation systems in urban areas cater to 
mixed traffic including high speed vehicles, pedestrians, animals, and animal 
drawn carts. The speed can vary from 5 km/h. to 80 km/h. and these speed 
differentials have been recognised as risk factors for road traffic crashes. 
Moreover, the complexity of land use, lack of comprehensive transportation 
planning, and many social activities along or on the roads in urban areas may have 
contributed to the rise in road traffic crashes. The urban road environment is not 
conducive to the safety of road users and could be addressed by implementing 
sound transport planning which in turn minimises activities in and along roads. 
The separation of non-motorised traffic from roadways could assist in the 
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reduction of road traffic crashes. Inconsistencies of speed zoning could be 
addressed through the implementation of a road safety audit process during the 
planning, construction and operation stages of roads.  
 
4. Medians separate traffic flows in opposing directions and can also be used as a 
recovery area for errant vehicles and a refuge for pedestrians. The absence of 
medians contributed to crashes in Ethiopia. In addition, tangent alignment of road 
sections and midblock areas were the most common locations of crashes. There is 
a need for good exposure data (such as traffic volumes) to determine whether 
these factors are over-represented among crashes. However, factors like speeding 
may be mitigated by provision of low cost engineering measures. In the case of 
midblock crossings, advance warning signs and markings for vehicles and 
pedestrians, and road safety education may be viable solutions. 
 
5. In terms of collision types, pedestrian crashes are the dominant types of collision, 
as motorised traffic and pedestrians share the same facilities. Failing to observe 
pedestrian priority and speeding are the likely root causes for the high level of 
crashes in the country. As suggested previously, the separation of non-motorised 
traffic from highways – through both hard-scape and soft-scape measures – may 
represent a viable solutions for protecting pedestrians.  
 
6. Ethiopians are more likely to make use of commercial vehicles, minibuses and 
buses to support mobility needs than passenger cars. Commercial vehicles, 
minibuses and buses have a high involvement in crashes, although again there is a 
need for exposure data to determine whether they are over-represented. It is also 
highly likely that these vehicles travel more kilometres per annum, which 
contributes to both a high number of crashes and a high rate. Countermeasures 
might include higher training and licensing standards for professional drivers, 
adherence to vehicle capacity limits, and other improvements to infrastructure 
identified previously.  
 
The observed trends in Ethiopian road crashes provide guidance on their current road 
safety problems and challenges, and point to possible areas of countermeasure development 
and implementation. In many cases countermeasures, policies, and programs will need to 
represent low-cost solutions, given economic constraints within the country. In order to 
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conduct a more refined analysis of crashes, exposure data will be needed; thus, the collection 
of exposure data in Ethiopia should become a priority moving forward. 
 
5.9 Conclusions 
The analysis of the crash data discussed in this chapter provides the information 
necessary for a deeper understanding of where and when serious crashes occur, and who is 
involved. This understanding helps to inform the development of an injury severity model 
and safety performance functions, which are key aims of this research. As the results indicate 
that most pedestrian crashes occur on two-way, two-lane, asphalt roads, which is also the 
most common type of road in Ethiopia, this thesis will focus on this type of infrastructure, in 
addition to modern roundabouts. 
 
The next section discusses the data collection procedure and statistical methodology 
for the development of the pedestrian injury severity model and safety performance 
functions. Based on these methodologies, the research will then develop the pedestrian injury 
severity model and safety performance functions for two-way two-lane rural roads and 
modern roundabouts. 
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CHAPTER 6: BACKGROUND TO CRASH MODELLING AND 
DEVELOPMENT OF DATA COLLECTION METHODOLOGY FOR 
THE COLLECTION OF PEDESTRIAN EXPOSURE AND ROAD 
ENVIRONMENT VARIABLES 
 
6.1 Introduction 
This chapter describes the data acquisition methodology, such as ethics approval, 
resources and equipment needed for data collection, research strategy, database development, 
and study corridor selection, collection of pedestrian crash data, collection of traffic data, 
procedure for collecting land use characteristics, and collection of road characteristics. 
Moreover, this chapter defines which data needed to be collected for unbiased data. The 
population, sampling methods, and sampling sizes required to acquire unbiased data for the 
research are discussed. In this section, the planned and actual collected sample sizes are 
shown, and the statistical methods used are discussed. 
 
The literature review acknowledges some methodological drawbacks of other studies 
regarding the acquisition of input data to estimate pedestrian exposure. The first drawback is 
the fact that pedestrian volume data is not readily available (Harwood, et al., 2008; Qin & 
Ivan, 2001; Raford & Ragland, 2005). Short duration counts are often used to determine 
pedestrian volume. Short duration counts of pedestrian volumes are never found in Ethiopia 
due to the limitation of budget. Hence, sufficient pedestrian volume count data are essential 
to address pedestrian crashes in the country. 
 
Pedestrian volume varies depending on season, time, weather, and nearby land use. 
To recognise the variation of pedestrian volume by day of the week, week of the month, and 
month of the year, it is vital to acquire resealable pedestrian volume data. A small number of 
studies have been carried out in the past to develop pedestrian volume estimation models in 
western countries; however, most of them lack precision and need refinement (Schneider, 
Arnold, & Ragland, 2008b). Furthermore, the current methodology for counting the time 
period is not standardised in most countries. Inconsistencies are observed in suggested 
methodologies by different researchers. For instance, count periods are suggested on 
Tuesday, Wednesday, or Thursday in the afternoon, and on Saturday (Schneider, et al., 
2008b). On the other hand, others propose to undertake counts from 1:00 pm to 6:00 pm any 
day of the week (Diogenes, Greene-Roesel, Arnold, & Ragland, 2007). Schweizer (2005) 
argues that a standard procedure to carry out the count of pedestrian traffic volume has not 
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yet been established (Schweizer, 2005). It is also known that pedestrian volume varies with 
respect to hour of the day and day of the week. This implies that counting sessions account 
for these variations and seasonal change. Another drawback in the current methodology is the 
availability of records of pedestrian facilities, like footpaths, crosswalk facilities, and other 
shared facilities, which are very limited (Schweizer, 2005). For the methodology of acquiring 
input data for this research, the followings were considered important, in order to avoid the 
drawbacks of previous research as much as possible. These include:  
 Direct measurements were conducted on shared facilities to acquire the data 
regarding pedestrian facilities;  
 The counts were conducted in both high and low pedestrian flow time periods 
to account for normal variations; 
 Counts were carried out from 7:00 am to 7:00 pm on weekdays, and two-hour 
counts were conducted on weekends for high and low pedestrian time periods; 
and 
 
The last section reviews types of modelling techniques used for pedestrian crashes. The brief 
historical review has been carried out by the candidate on the count and discrete modelling 
techniques (Lord & Mannering, 2010; Savolainen, Mannering, Lord & Quddus, 2011). The 
applications of these models to current pedestrian crashes in developing countries are very 
limited due to professional and funding limitations. The contents of this chapter are shown in 
Figure 6-1 below. 
 
6.2 Ethics Approval 
Ethical approval for this research was secured from the Human Research Ethics Committees 
of Queensland University of Technology with the approval number of 1200000066 in the human 
ethics category. 
 
6.3 Resources, Materials and Equipment Employed for Data Collection 
Data collection was conducted by recruiting data collectors from the students of Addis 
Ababa Technical College. Most data collection was carried out manually. The data were 
gathered from the selected roadway segments and intersections. Before data collection, 
training was given to 26 students with knowledge of the transport sector. The fieldwork 
comprised pedestrian counts on shared facilities, socioeconomic data collection from the 
pedestrians on the sampled roadway segments, land use information, and measurement of 
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roadway features. Appropriate formats were developed to gather this comprehensive 
information.  
 
 
Figure 6 - 1: Secondary Label Flow Chart for Data Capturing Methodology 
 
Equipment was required to measure the road features. For instance, meters and topo-
meters (vehicle mounted) were used to measure roadway segments, carriageways, median 
strips, pedestrian refuges, footpaths, and road shoulders. A vehicle was provided by the 
Ethiopian Roads Authority for researchers and data collectors to travel from one site to 
another, which helped accomplish the data collection tasks within the required timeframe. 
As-built drawings and engineering reports of the roads were collected from the Road 
Authorities. Photograph cameras were used to document the study corridors. A stopwatch 
was applied to count pedestrian volumes and their behaviour.  
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Further, surveying was also run to measure the features of road environments and 
RAMA Consulting Engineers provided equipment and survey technicians for four days. The 
measuring tasks were done as shown in Figure 6-2. 
  
Figure 6 - 2: Measurement Approach Roads Gradient of Roundabouts in Addis Ababa, 
Ethiopia 
 
6.4 Database Development 
Most of the collected data were stored in Microsoft Excel. The road segments were 
assigned an identification name to connect to all other data from each specific road segment. 
Backup plans were arranged to safeguard the data from omissions, deletions, and corruption 
of files from viruses. The data were organised in Excel in a similar way to the data collection 
format. The original paper-based data collection forms were filed properly after transferring 
the data into the database.  
 
6.5 Study Corridor Selection 
The intent of this research is to address the problem of pedestrian crashes in Ethiopia. 
The roads under study were all the asphalt road networks found in Ethiopia, rather than 
gravel and earth roads, because asphalt/sealed roads carry substantial motorised and non-
motorised traffic. The pedestrian crash problems on these roads are serious in both number 
and degree of severity due to the behaviour of road users, vehicle factors, and road related 
factors. Asphalt roads are usually found in more commercialised and industrialised areas of 
the country and constitute a highly motorised infrastructure in which crashes cluster. 
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According to a recent report, paved roads make up 13.15% of the road network in the country 
(Ethiopian Roads Authority, 2013).  
 
6.5.1 Defining the Population 
The research assesses risk of exposure in an attempt to mitigate pedestrian crashes in 
Ethiopia. The risk of exposure in the road environment can be assessed with the presence of 
vehicles and pedestrians. Vehicle and pedestrian volumes are vital exposure variables in 
pedestrian crashes. Thus, the issues under investigation in this study are all asphalt roads that 
are found in Ethiopia and the pedestrians who use these asphalt road environments. 
 
6.5.2 Sampling Framework 
The selection of samples was based on a probability sampling technique, since 
pedestrian crashes cluster in highly commercialised areas of the country in the central part of 
Ethiopia. Recently, historical crash records have shown that general road traffic crashes have 
been clustered in Oromia and Amhara regional states and Addis Ababa City Administration 
(Federal  Police Commission of Ethiopia, 2013; Federal Police Commission of Ethiopia, 
2010). A study done by the Transport Research Laboratory and Ross Silcock Partnership 
(Transport Research Laboratory and Ross Silcock Partnership, 2001) indicated that road 
traffic crashes occurred more frequently in Addis Ababa and Oromia Regional States. It was 
found that 58% of all fatalities and two-thirds of all injuries occurred in road networks in 
these two areas. Therefore, this research focused on collecting relevant crash data in Oromia 
state, which is in central Ethiopia, and Addis Ababa City Administration.  
 
The research employed a convenience sampling approach. A convenience sampling 
techniques was applied in the selection of the samples of roadway segments. This sampling 
technique is widely used in developing countries where accurate data is available in specific 
clustered areas (Henderson, Davis, Eddins, & Foege, 1973; Henderson & Sundaresan, 1982; 
Kobusingye, Guwatudde, & Lett, 2001; Moshiro et al., 2005). The convenience sampling 
approach has a number of limitations (Greene-Roesel, et al., 2007; Hoshaw-Woodard, 2001). 
Firstly, the sample may not be a precise representation of the intended research population; 
and secondly, error may be greater than for other techniques. Nevertheless, the benefit of the 
method is that it can save costs or be cost-effective in comparison to other methods (Greene-
Roesel, et al., 2007; Hoshaw-Woodard, 2001). It is also efficient and applicable to a large 
population study. Moreover, this method does not need to identify each unit in the population 
and is therefore a less costly approach for sampling. For these reasons, in this research simple 
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convenience sampling is advantageous in terms of saving time and cost, and its applicability 
to a large road network population. 
 
6.5.3 Sampling Population 
The selection of samples was undertaken by segregating urban and rural road 
environments. This segregation of the two environments was due to the difference in the 
nature of the road environment, traffic mix and flow, and land use. The sampling unit for 
urban and rural road environments is discussed below. 
 
Sampling urban road segments has been performed by identifying a cluster unit from 
the central part of Ethiopia. The capital city is one of the country’s high crash areas, and as a 
result, Addis Ababa City was selected as the clustered unit. The city is divided into ten sub 
cities for administrative purposes (see Figure 6-3). Moreover, pedestrian injury severity 
examination and the critical time variation of pedestrian injuries have been investigated on 
Addis Ababa roads based on the data collected. 
 
Figure 6 - 3: Addis Ababa City and its Sub-cities Map 
 
The rural road environment is represented by the roads found on the outskirts of 
Addis Ababa City. The study takes place on all asphalt roads within a 100km radius from 
Addis Ababa, part of Oromia State, as a cluster unit. Addis Ababa city is located in the centre 
of Ethiopia in the middle of Oromia State. The national benchmark, Station zero-zero, is 
found in Addis Ababa, and every road length is usually measured from this point. As a 
consequence, all asphalt roads within this radius are included in the cluster unit. 
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The study also focuses on the safety performance of roundabouts in terms of 
pedestrian safety. The total number of modern roundabouts in Addis Ababa is 39. Research 
from the USA indicates that roundabouts have improved safety in terms of crash reduction, 
especially injury crash reduction (Rodegerdts et al., 2007).  
 
Finally, socioeconomic and demographic variables were gathered from study 
corridors. This is because the occurrences of pedestrian crashes are influenced by the 
socioeconomic and demographic factors of pedestrians and other road users. These variables 
were collected along roadway segments or intersections. 
 
6.5.4 Sample Size 
 The sample size is calculated based on the following formula for urban and rural road 
segments (Office of Highway Policy Information, 2010; Ortuzar & WIllumsen, 2011; U.S. 
Department of Transport Federal Highway Administration, 1994). 
2
22 )()(
d
Cvz
n

 .                                                                                                    )3(  
 
Where       n =number of sample size 
               Cv= estimate of variance based on the AADT 
    d = acceptable margin of error for proportion  
z = confidence interval, with the usual recommended z value being 1.96, which means a 
95% confidence interval (two sided). As outlined below, sample size is determined 
separately for rural and urban road segments, since the road environment, traffic flow, and 
land use are different.  
 
i) Rural Road Segments 
 The sample size of rural road segments was determined as follows. The coefficient 
variation of 0.1 was selected, which is a low variation, since the road environment, AADT 
and pedestrian volume are similar or almost uniform among sites under study. Accordingly, 
minimum sample sizes of 16 rural road segments were planned to collect the relevant data; 
however, 18 road segments were observed during data collection to enrich the accuracy of the 
model.  
 
The determination of the interval has been considered due to being a cost effective 
way to reduce travel time. The total length of roads in cluster units divided by the number of 
samples can provide the sampling interval. The arrangement of roadways into sequence was 
the next step of the process. The road networks have a designated road number and kilometre 
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posts within the road number for pavement management purposes. The road numbers and 
kilometre posts were used to put roadway segments in sequence. The main roads spread out 
in six directions from Addis Ababa, with road numbers A-1, A-2, A-3, A-4, A-5 and A-6. 
According to the convinience sampling, a 27km radius from the benchmark was chosen as a 
sample of the rural section of roadways. As a result, 16km was taken from each major road as 
clustered units. Thus, the sampling of roads was performed by sequential arrangement based 
on road number. The rural road segments upon which observations (Photo) have been 
conducted are presented in Figure 6-4 below. The total observation is 162 in total. 
 
 
Figure 6 - 4: Sample of Rural Road under Study (Addis Ababa- Tulu bolo Road) 
Table 6 - 1:Rural Road Segments in Kilometres 
Road segment  Start  
(km) 
End 
(km) 
Difference 
(Km) 
Town (built up) 
section ( km) 
Rural road 
section (km) 
Addis- Modjo 23 70† 47 37 10 
Modjo- Alemtena 70 100 30 3 27 
Modjo –Adama 70 100 30 4 26 
Modjo – Ejere 70 100 30 4 26 
Addis Butajira 19 100 81 17 64 
Addis –Tulubolo 19 100 81 20 61 
Addis –Holeta 26 40† 13 2 11 
Holeta-Muger 40 100 60 3 57 
Holeta – Ambo 40 100 60 5 55 
Addis Ababa Commando 8 100 94 15 79 
Addis Ababa – Chacha 
(Debrebrehan road) 
20 100 80 10. 70 
Total (km) 608 120 486 
† Intersection of two or more roads.  
 
 
ii) Roundabouts 
In the case of roundabouts, the estimated coefficient of variance is 0.1, since the 
variation in traffic is limited among roundabouts. The planned sample size was to take 
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observations on 16 roundabouts. However, 198 observations were taken from 22 
roundabouts to develop the pedestrian crash prediction model. The sequential 
arrangement of roundabouts was established based on distance from the national 
benchmark of Station zero-zero at the centre of the city. Sampled roundabouts are 
stipulated in Table 6.2. 
 
 
Figure 6 - 5: Roundabout Located on Steep Gradient (Kebena-roundabout) 
 
 
 
Figure 6 - 6:  Roundabout with high Volume of Pedestrians and Hawkers in Mexico 
Area, Addis Ababa 
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Table 6 - 2:Roundabouts Considered in the Study 
Number Name of Roundabout  Distance from national 
benchmark (m) 
1 Afinchober 1146 
2 Abinet 2715 
3 Kebena 2841 
4 Signal Adewa 2986 
5 18 Mazoria 4170 
6 African Union  4196 
7 Torhayloch 4328 
8 Karl 4927 
9 Megnagna 5605 
10 BoleMedhanialem 5645 
11 MedhanitFabrica 6124 
12 Total  6148 
13 Gofa 6377 
14 Imperial hotel 6398 
15 Bole Michael 6854 
16 Total 3 kutirMazoria 7239 
17 Ayertenazenebework 7318 
18 Kadiscoyoseph 8105 
19 Salitemihiret 8274 
20 Ayertena 8441 
21 Lebu 10042 
22 Noc  17824 
 
6.6 Pedestrian Crash Data Collection 
It is difficult to achieve comprehensive pedestrian crash data collection in Ethiopia 
due to high collection costs and limited research time. This research employed three 
approaches to manage cost and time constraints for the collection of pedestrian crash data. 
The first approach was to use the Ethiopian Federal Police Commission database to 
characterise pedestrian crashes in the country, which provides summarised information on six 
years of collected data. The published peer reviewed conference paper titled “Characteristics 
of Police-reported Road Traffic Crashes in Ethiopia over a Six Year Period” (see Chapter 5 
of this thesis) helped highlight the trends of crashes in the country over the six years before 
2011 (Tulu, Washington, & King, 2013). A second approach involved gathering detailed 
pedestrian crash data on sampled road segments and intersections. The data collected on 
sampled roads helped in the development of pedestrian crash prediction models for two-way, 
two-lane roads and roundabouts, which are developed in later chapters. The final approach 
was to collect pedestrian crash data from Addis Ababa for three years. This was used to 
evaluate pedestrian injury severity, and investigate the time variations of pedestrian injury 
crashes in Addis Ababa. 
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The cut off period to gather information on national and location specific pedestrian 
crashes was established based on the Ethiopian budget year (July to June). This study 
collected historical data on three years of pedestrian crashes. Three years was chosen as this 
time-frame has been empirically proven as sufficient to characterise crash time, place, type, 
and reason for occurrence (Washington & Cheng, 2008). In other words, the marginal cost of 
data collection outweighs marginal benefit if crash data is collected beyond three years. 
Therefore, three years of pedestrian crash data is the optimal timeframe for estimating 
exposure to and prediction of pedestrian crashes. 
 
 The data collection was conducted at three levels: directly, at each road segment in 
the sample, from Addis Ababa’s Police crash database, and from the national crash database. 
In almost all cases, three years of data were acquired. Detailed data collection was undertaken 
in the sampled corridors. The data were acquired from all pedestrian crashes on roadway 
segments and intersections. Details collected regarding pedestrian crashes included the 
following attributes: date, day, and time of crash; vehicle type; driver sex, age and education; 
weather, road, and illumination conditions; pedestrian crash type; degree of crash severity; 
pedestrian sex and age; and location of crash. The crash data was usually available at each 
police station, and the source of road crash data were crash booklets completed by the traffic 
police officers. The data were collected using paper-based forms and transferred into Excel 
spreadsheets with the road number and location name for the next stage of data processing. 
Thus, the acquisition of pedestrian crash data on each road segment and intersection paved 
the way for the data processing stage, which included the development of pedestrian injury 
prediction models. 
 
Next, pedestrian crash data were acquired in Addis Ababa City. Police crash data is 
organised in ten offices according to sub-cities, and fatal crashes are currently registered by 
the Addis Ababa Police commission. The researcher visited each office to capture the data. 
Three years of crash data were collected and stored in Excel files. 
 
Finally, national crash data for six years (July 2005 - June 2011) was gathered from 
the Federal Police Commission of Ethiopian. This national crash data provided general 
information about pedestrian crash distribution in the country and other factors. Therefore, 
these data lead the researcher to employ descriptive analysis and other analytical methods to 
investigate the factors contributing to pedestrian crashes.  
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6.7 Traffic Data 
6.7.1 Motorised Traffic Volume 
Motorised traffic data were required to analyse pedestrian safety problems for the 
roads under investigation. These data were helpful in analysing and determining the types of 
measures that are applicable in the target corridors. Most of the roads have several years of 
traffic counts. The Ethiopian Roads Authority gathers traffic volume and road condition data 
at regular intervals and stores the data in the Ethiopian Roads Authority’s asset management 
system. The traffic counts are usually taken three times per year to represent traffic flow for 
high, medium, and low scenarios and thus capture seasonal traffic variations. 
 
The first step in counting procedures for this research was a roadway network review 
using a reconnaissance survey. Historical traffic count stations were identified to gain 
knowledge about traffic movement. Physical observation of traffic movement was done on 
each intersection. This initial traffic observation enabled the research team to understand the 
traffic pattern. Observation of existing traffic facilitated the selection of intersections that 
were required to conduct the counting of traffic volume. The selected counting locations were 
chosen based on clear observation of the traffic without any obstruction during the counting 
periods. The Ethiopian Roads Authority and the Police commission granted permission (in 
the form of a permit) to conduct traffic flow observations in order to collect the data. The 
counts were carried out manually by three to ten enumerators depending on the legs of each 
roundabout and pedestrian volume.  
 
 
Figure 6 - 7: Vehicle Provided for Data Collection by Ethiopian Roads Authority 
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The Ethiopian Roads Authority has classified vehicles into eight categories based on 
their size and weight, in order to identify which vehicles cause pavement damage and to 
analyse the capacity of roads. The categories are: cars, Land Rovers, small buses, large buses, 
small trucks, medium trucks, heavy trucks, and trucks and trailers (Ethiopian Roads 
Authority, 2005). The current study used similar categories, namely saloon cars, four wheel 
drive vehicles (off-road vehicles), small buses, medium buses, large buses, small trucks, 
trucks, and trucks with trailers (semi-trailers). A tally sheet was designed for recording traffic 
volume using these classifications. The enumerators recorded the location, time, and date of 
count. Moreover, additional information in relation to road environment and traffic 
characteristics in each specific location were recorded. 
 
Traffic counts at intersections proved more complex due to movement of traffic and 
number of conflict points. Moreover, traffic counts at intersections have never been 
conducted in all major intersection locations in Ethiopia. Counts are usually carried out for 
specific purposes to assess the capacity of intersections. In this study, the turning movement 
of traffic for each roundabout (22 in total) were captured for one hour per day for seven days. 
To collect this data, a sufficient number of enumerators were deployed depending on the 
number of legs of each intersection. Freehand sketches were drawn, and each movement was 
coded for easy identification of the data. Both roadway segment and intersection traffic 
counts were stored in Excel sheets for further analysis and projection of the Annual Average 
Daily Traffic data (AADT).  
 
6.7.2 Pedestrian Volume 
Pedestrian volume was collected on shared facilities (pedestrian crossings). 
Observations included pedestrians at midblock with no crosswalk, partially comply, crossing 
in marked crosswalk, pedestrian gender, estimated pedestrian age, pedestrian crossing 
behaviour and presence of a marked or unmarked crosswalk. Pedestrian age was captured 
using categorical divisions: 0-18 years, 19-30 years, 31-50 years and 51 years and above. In 
terms of pedestrian crossing behaviour, pedestrians crossing the road were classified into 
three categories: alone, in pairs, and in groups of three or more people. Also recorded on a 
form were the address of the road, road number, day of the week, weather, and enumerator’s 
name. A rough sketch of the data collection location was drawn on the form for future 
records. Pedestrian volume was counted manually, and length of crosswalks and intersection 
legs were recorded. The counting of pedestrians was done in high and low seasons. The high 
season is summer and spring and autumn. Likewise, the low season is considered to be the 3 
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months of the winter period. Pedestrian volume fluctuates according to season in Ethiopia, as 
the majority of the population depend on agriculture for their livelihood. People adjust their 
travel according to seasonal rainfall and the requirements of farming. The winter season is 
characterised by low pedestrian and traffic volume, as many places are not easily accessible 
due to the problem of defined roads and river crossings. Moreover, schools are closed during 
this season. For these reasons the Ethiopian Roads Authority practices are designed to capture 
the seasonal variation of motorised traffic flow. Next, the procedure for counting of 
pedestrian volume on shared facilities is discussed. 
 
 
Figure 6 - 8: Pedestrian Volume Counting Station Addis –Adama Road 
 
6.7.2.1 Time of Count and Breakdown of the Roadway Segments into Sections  
The counts were carried out on any weekday from 7:00 am to 7:00 pm, and for 2 
hours on a weekend. A shorter count period on a weekend was chosen as pedestrian flows are 
uniform throughout these days through inspection. Weekends are market days in Ethiopia and 
a number of social activities are generally undertaken on these days as pedestrian flows are 
uniform on these days, as markets are open from early until late, and social events generally 
take place at any time during the day. The same counts were repeated in low pedestrian flow 
seasons. The sampled roadway segments were broken down into manageable sections. This 
task was done during a reconnaissance prior to data collection.  
 
6.7.2.2 Pedestrian Volume Count at Midblock  
One enumerator was assigned to pedestrian crossing count in rural road environments, 
as pedestrian volume is very low and most are not following the alignment of the road. The 
enumerator was responsible for counting the pedestrian movement on the roadway at the 
midpoint of the section. The sampling road length of each road segment varied from 6 to 12 
kilometres.  
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Crossing distance was estimated by classifying crossings into straight and diagonal 
crossings. The straight crossing was measured using the width of the road, perpendicular to 
the roadway, and was equivalent to the distance travelled by pedestrians on shared facilities. 
The distance of a diagonal crossing was estimated by enumerators during the count. 
 
6.7.2.3 Pedestrian Volume Count at Intersections 
Pedestrian count at intersections was very difficult, as pedestrian volume was very 
high due to the presence of Public transport terminals and alcohol bars. In Addis Ababa, it is 
customary to locate bars and restaurants at intersections because of the availability of public 
transport. As a result, the observation of pedestrian volume was carried out with a minimum 
of three to ten enumerators. The capturing of the pedestrian volume was done within a 50 
meters radius of influential areas of the roundabouts.  
 
6.8 Land Use Data 
Land use data are critical variables for this research and were collected from each 
roadway segment. Land use was categorised by site development type. In city areas 
categories were commercial areas, residential areas, industry zones, agricultural areas, and 
suburbs (slight development and open space areas). The classifications for rural road 
environment areas were built-up, and non-built up areas. The land use data was collected 
simultaneously with pedestrian counts on sampled road segments and intersections.  
 
Moreover, detailed land use characteristics were gathered, including the presence of 
bus stations, presence of terminals, presence of alcohol bars, and other activities. These 
variables are critical to pedestrian safety as they attract high pedestrian volume in a city and 
are thus associated with the occurrence of pedestrian crashes. 
 
6.9 Road Geometric Features 
Road geometric features were collected from site measurements and from as-built 
plans and profile drawings of the roads. During site reconnaissance of the roads under study, 
road features such as carriage, lane, shoulder, and median widths were measured and 
recorded. Horizontal curve degree of curvature and gradient were calculated from the design 
documents or extracted from as-built drawings and engineering design reports.  
 
Lighting conditions are also a critical aspect of pedestrian crashes. The illumination 
conditions of the road environment were classified as twilight, sunrise, insufficient lighting, 
sufficient lighting, and dark. Ethiopia is near the equator and has no daylight savings time, 
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and all days throughout the year have almost equal day and nighttime. Although there are 
slight seasonal variations in day and night length, the difference is not as significant or 
noticeable as in other parts of the world. 
 
Pedestrian injury prediction modelling was constructed using the road geometric 
features and other parameters. The most useful road data for the modelling of crashes 
include: grades, horizontal curves, carriage widths, shoulder widths, site lengths, roadside 
conditions, lighting, and land use (Qin, et al., 2004).  
 
In summary, the research collected data on road geometric features related to 
pedestrian crashes. The most useful road data for the modelling of crashes include: grades, 
horizontal curves, carriage widths, shoulder widths, site lengths, roadside conditions, lighting, 
and land use (Qin, et al., 2004). Furthermore, the asphalt roads were classified based on land 
use, highway cross sections, and other factors, which facilitated the estimation of pedestrian 
exposure and effective pedestrian crash modelling.  
 
6.10 Summary of Sample Size Determination and Sampling Procedures 
The sample size determination and sampling procedures are core elements in 
designing this research. The summary of sample size and sampling procedure for each 
research design are discussed in Table 6-3. 
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Table 6 - 3: Summary of Sampling Size and Procedure 
No Description Planed Sampling methods  Actual 
collected 
samples  
Remark 
1 Research Methods  Quantitative Quantitative  
     
2 Sampling methods A convenience sampling  convenience 
sampling 
approach 
The pedestrian volume was estimated based on one weekday counts 
from 7:00am to 7:00pm and 2 hour counts on a weekend day. The 
schedules of the counts were carried out at low and high pedestrian 
flow seasons to represent the variation of pedestrian volume with 
month of the year. The weekday and short hour counts on the 
weekend day for high pedestrian flow seasons were repeated for the 
low flow season (winter), when the schools are closed for two and a 
half months, and high rainfall hinders the movement of people.  
 
3 The central part of 
the Ethiopian asphalt 
road network  
The central part of the country has a 
total of 608 km of asphalt roads, 
which are broken down into 120 km 
urban and 486 km rural roads which 
is around 608 km in total. The roads 
are divided into 0.5 km road 
segments. 
The total 162 
observation 
on 18 road 
segments. 
The population of the study is taken within a 100 km radius of Addis 
Ababa. 
 
     
5 Sample size rural 
roads 
n = (z)
2  
× (CV)
2
 
            d
2  
Where  n = number of sample size  
CV = estimate of variance = 0.1 low 
variance. 
d = acceptable margin of error for 
proportion being estimated = 0.05 
z = 1.96, which means a 95% 
confidence interval 
 
=  (1.96)
2 
  ×  (0.1)
2
 
 
0.05
2
 
162 
observations 
were 
conducted on 
18 road 
segments 
Each segment 
has from 7 to 
12km length 
The sampling interval is reduced to 5 km in the countryside. 
Moreover, the road networks have the designated road number for 
the pavement management purpose. They traverse in five directions 
from Addis Ababa with road numbers A-1, A-2, A-3, A-4 and A-5. 
According to the convenience sampling approach, 80 km of rural 
roads were taken as a sample. As a result, 16 km were taken from 
each major road. Thus, the sampling was performed by arranging 
data sequentially based on their road number, and the selection 
process was conducted at ten intervals of their sequence. If the 
number 1 is selected first, the next sample was number 11.  
  
 
 
134 
 
 =       15.3664≈16    
 
Sampling interval  = 2×80/16≈10 
numbers 
 
The sampling was started at 
between one to ten road segments, 
which were decided using a lottery 
or random table.  
6. Roundabouts 
 
n = (z)
2  
×  (CV)
2
 
d
2
 
 
 =  (1.96)
2 
 ×  (0.1)
2
 
 
0.05
2
 
N = 15.3664≈16    
Sampling interval = 34/16=2.15≈2. 
The sequential arrangement of 
roundabouts were done based on 
their distance from zero benchmark 
at the centre of the city  
 
198 
observation 
have been 
carried out on 
22 modern  
roundabouts 
in Addis 
Ababa 
Currently, around 35 roundabouts are found in Addis Ababa. 
Where     n = number of sample size  
CV = estimate of variance = 0.1 low variance. 
d = acceptable margin of error for proportion being estimated = 0.5 
z= 1.96, which means a 95% confidence interval 
 
 
7. Pedestrian injury 
severity analysis  
No plan  Data for a 
three year 
period of 
pedestrian 
injury crashes 
have been 
collected  
Gathered 6208 pedestrian injury crashes from the city.  
  
 
 
135 
 
6.11 Pedestrian Crash Modelling 
6.11.1 Crash Count Modelling Techniques 
In the past, many studies have been undertaken to model crashes involving motor 
vehicles. In the early stages of this work, scholars believed that crashes and explanatory 
variables had a linear relationship. As a result, many of them intended to model road traffic 
crashes using ordinary linear regression models (for example, Joshua & Garber, 1990;1986). 
However, the general linear model as proposed by Nelder (1972), who established the 
assumption of Poisson and Negative binomially distributed errors, replaced the earlier 
models. From this time, the assumption formulated by Nelder (1972) was used in modelling 
crashes. Some of the early crash modelling focused on the estimation of expected crashes 
using traffic variables and road geometric parameters.  
 
Hauer (1986) employed the Poisson model to estimate crashes on 1142 intersections 
in San Francisco. This research was followed by Miaou &Lum (1993) who compared the 
results of ordinary linear regression and Poisson regression models. They revealed that the 
Poisson regression model performed better regarding statistical properties and prediction of 
expected crashes. Miaou (1994) evaluated the Poisson and negative binomial model by 
establishing the relationships between truck crashes and road features. The relationships 
between expected crashes and independent variables were also verified using multivariate 
analysis (Shankar, Mannering, & Barfield, 1995). This study also confirmed the 
appropriateness of the generalised linear model (GLM) to establish the relationships among 
traffic flow, road geometry property and crashes (Maher & Summersgill, 1996). Poch & 
Mannering, (1996) investigated 63 urban intersections to estimate crashes in Washington 
using the negative binomial regression model.  
 
Following this research, Shankar et al, (1997) proposed zero-inflated Poisson (ZIP) 
and zero-inflated binomial (ZINB) regression models in which they indicated that the ZIP 
structure of the model has the advantage of flexibility to separate road design parameters and 
variables that determined the occurrence and non-occurrence of crashes. Abdel-Aty, (1998) 
also modelled traffic flow, road geometry and driver ages to estimate expected crashes using 
log linear models. Thirteen hundred road segments and more than 700 intersection crashes 
over a six year period were modelled using Poisson, negative binomial and extended negative 
binomial regression models for two-lane rural roads in Washington (Vogt & Bared, 1998b). 
They compared the results of ordinary least squares, weighted least squares, Poisson and 
negative binomial regression models and found that the coefficient of models were similar, 
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even the sign of the estimated parameters. Aljanahi, Rhodes, & Metcalfe, (1999) examined 
the relationship between speed and crashes in the United Kingdom and Bahrain under free 
flow speed using Poisson regression models. The results estimated the annual expected 
crashes using traffic flow and road characteristics (Ivan, Pasupathy, & Ossenbruggen, 1999). 
They employed the Poisson regression model by allowing variance to differ with a certain 
percentage to expected crash rate. 
 
In this century, many scholars have continued to contribute to the improvement of 
count models statistical methodology. Many count statistical methods have emerged to 
estimate the expected number of crashes. Recently, crash modelling methods have progressed 
considerably and a variety of count statistical modelling approaches have been developed 
with the extension of the basic (i.e. negative binomial regression) model. Some of the studies 
in Poisson, zero-inflated Poisson and negative binomial regression models were used to 
predict expected crashes (Abbas, 2004; Amoros, Martin, & Laumon, 2003; Carson & 
Mannering, 2001; Daniels, et al., 2010; Heydecker & Wu, 2001; Kim, Washington, & Oh, 
2006; Lee & Mannering, 2002; Lord, 2006; Lord, Washington, & Ivan, 2006; Lord, 
Washington, & Ivan, 2005; Shankar, Ulfarsson, Pendyala, & Nebergall, 2003; Son, Kweon, 
& Park, 2011; Yan, Wang, An, & Zhang, 2012). However, the use of an appropriate model 
for road traffic crashes has been discussed further by Lord, et al., (2005) with an emphasis on 
Poisson regression, Poisson gamma (negative binomial), multinomial probability models, ZIP 
and ZINB regression models to provide a defensible guide to researchers and transport 
professionals. In the past, some researchers have tended to use ZIP and ZINB regression 
models due to the generation of excess zero which was assumed to be a dual state crash 
process (Kumara & Chin; Qin, Ivan, & Ravishanker, 2004; Shankar, et al., 1997; Shankar, et 
al., 2003). The selected model should show the best fit of statistics, demonstrate the 
underlying theory of crashes and incorporate the site condition (Lord, et al., 2005). However, 
in ZIP and ZINB, the generation of excess zero does not guarantee the dual state of road 
traffic crashes i.e. occurrence and non-occurrence of crashes. These authors have suggested 
that the traditional Poisson and negative binomial regression model perform well in 
modelling crashes due to the theoretical persuasiveness, good statistical fitness and empirical 
plausibility (Lord, et al., 2005). In the past, another important source of error in predicting 
crashes was identified which is related to the specification of the statistical model (Lord & 
Mannering, 2010). However, ZIP and ZINB can be used in other areas of transportation such 
as airport, sea port and railroads (Lord, et al., 2006). 
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In contrast, the Poisson lognormal has been proposed as an alternative for Poisson 
gamma distribution which has flexibility in handling over-dispersion; however, it does not 
accommodate under-dispersion crash data. Moreover, the low sample and small size 
problems negatively affect the model’s results and create bias (Lord & Mannering, 2010). 
Some road crash modelling work has used this modelling option in the past to explain the 
relationship between the explanatory variables and expected crash frequency (Ma, 
Kockelman, & Damien, 2008; Miaou & Song, 2005). 
 
Other studies have revealed that the Conway–Maxwell–Poisson is a promising model 
type to understand the relationship between the explanatory variables and crashes. The 
Conway-Maxwell-Poisson general linear model has proven to be able to handle crash data 
with over- and under-dispersion (Lord, Geedipally, & Guikema, 2010). Its performance has 
been evaluated with South Korean crash data collected at 162 railway-highway crossings 
between 1998 and 2002 (Lord, et al., 2010). Geedipally & Lord, (2011) compared the results 
obtained from the Conway–Maxwell–Poisson general linear model and negative binomial 
distribution, and found that the crash predictions were similar, using data collected from four-
legged, signalised intersections in Toronto and four-lane, rural undivided highways in Texas. 
However, these results could have been negatively affected by the low sample mean and 
small sample size problem (Lord & Mannering, 2010). As a result, the methodology is not 
practiced very well among researchers. 
 
The gamma model was first proposed by Oh, et.al., (2006) for the development of 
railway and highway crashes. This model handles under-dispersion as well as over-dispersion 
of crash data. Recently, the performance of roundabouts have been evaluated using the 
gamma model in Belgium (Daniels, et al., 2010). As mentioned by Lord and Mannering, 
(2010), the gamma model is a dual-state model like zero inflated models, with one of the 
states encompassing a long term mean equal to zero. The model can diminish to the Poisson 
model; however, it is not a popular model to estimate expected crash frequency.  
  
The generalised estimating equation incorporates the time trend in the analysis and 
was used for the first time by Lord & Persaud (2000). They modelled four leg intersection 
crashes in Toronto based on a generalised estimate equation. This method accounts for 
variation as crashes have varied by the temporal change of traffic flow, economy, weather, 
and crash-reporting practices. The weakness of this method is that the result is sensitive to 
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missing values (Lord & Mannering, 2010), which may make it unsuitable for developing 
countries where crash data suffers from a greater magnitude of underreporting. The other is 
that it may need to assess the type of temporal correlation. It is difficult to ascertain the long-
term effect of crash data and other explanatory variables in developing countries as crash data 
are not documented properly. Thus, the generalised estimating model may not be suitable in 
developing countries unless the data capturing mechanism is improved. 
 
The generalised additive model was recently introduced to the field of statistics and 
the applicability of this method to crash modelling has been assessed by Li, Lord & Zhang 
(2011) & Xie & Zhang (2008). The model provides a more flexible method compared to the 
traditional count regression and it is a promising method for modelling crashes (Zhang, Xie, 
& Li, 2012). The model permits interaction among variables in a nonlinear manner and 
accommodates more explanatory variables, facilitating more challenging calculations during 
the estimation process. 
 
Because of the correlation of crashes with time and unobserved heterogeneity, the 
traditional Poisson and negative binomial regression models do not correlate crash data with 
time and site specific conditions. For this, the random effects model effectively handles the 
unobserved heterogeneity and sequential correlation, like the same observation at different 
times i.e. longitudinal data (Chin & Quddus, 2003). The model started to be used in crash 
frequency modelling in the late 1990’s, and researches have continued to publish some work 
using this method into this century (Chin & Quddus, 2003; Guo, XuesongWang, & Abdel-
Aty, 2010; Shankar, Albin, Milton, & Mannering, 1998).  
 
Due to the clustering problem of crashes in some conditions, the negative multinomial 
model is preferred to model crashes (Caliendo, Guglielmo, & Guida, 2013). Similarly, the 
correlation among observations can be better modelled using this method (Guo, 1996). The 
negative multinomial model is almost identical to the negative binomial regression model 
except for EXP(ɛi), which is related to specific units like roadway segments or intersections, 
as different to specific observations (Lord & Mannering, 2010). It is important to note that 
annual crash frequencies can be considered to have its own EXP (ɛi) for each year in the 
negative binomial model if the crash data are for three years or more, which results in a 
correlation problem. However, in the case of the negative multinomial model, EXP (ɛi) 
distribution is assumed to be gamma distribution with mean 1 and variance α. In general, the 
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negative multinomial model can handle over-dispersion, sequential correlation and panel 
effects of crash data (Lord & Mannering, 2010); however, a small sample size and low 
sample mean adversely influence this modelling output. 
 
The random parameters model is a more flexible method that accounts for unobserved 
heterogeneity which differs across populations (Milton, Shankar, & Mannering, 2008). The 
traditional models consider model parameters as constant across observation; however, this is 
not the case in the random parameter model as it allows parameters to vary across the 
population with some specified distributions. This makes the model more complex. Due to 
better parameterisation and advanced modelling techniques, the random parameter model is 
recently preferred by many researchers (Cameron & Trivedi, 2005). It is a dependable 
method and the existences of heterogeneous responses of individual observations are the 
main benefit of this method. Pedestrian crashes involve multilevel factors that demand an 
advanced statistical modelling technique to capture unobserved factors. For random 
parameters in count models, the coefficient can be expressed as βi=β + ⱷi where ⱷi is 
randomly distributed. For instance, the negative binomial regression model can be written 
with respect to random parameters as λi/ ⱷi= EXP (βXi + ɛi). 
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Table 6 - 4: A Selection of Pedestrian Crash Prediction Models used around the World 
 
Authors  Country Paper published Modelling method Model developed  Explanatory variables 
Hall (1986) UK Transport and Road Research 
Laboratory, Contractor Report 
CR65. 
generalised regression 
techniques 
four-arm single 
carriageway signalised 
urban intersections  
-total vehicles inflow over 12 
hours 
-total pedestrian flows across 
the four legs 
Davis (1998) USA Transportation Research Record 
1636 
exponential spacing 
model to predict 
probability of collusions 
midblock dart-out type -perception reaction time 
interval,  
-initial travel speed of the car 
-speed of the pedestrian 
-distance of the car from the 
collision point when the driver 
first notices the 
pedestrian running towards the 
street 
-distance the pedestrian is from 
the collision point, when first 
noticed by the 
driver (assumed to be 6.5 m) 
-the space density of vehicles 
on the road 
Summersgill & 
Layfield (1996) 
UK Transport Research Laboratory 
Report 183 
generalised regression 
techniques 
road links between major 
junctions 
-total vehicle flow 
-total number crossing 
pedestrians 
Poch & Mannering, 
(1994) 
USA Journal of Transportation 
Engineering 
Negative Binomial 
Model 
urban intersections -Annual Average Daily Traffic  
-availability traffic control 
devices 
-approach speed limits 
sight distance restriction 
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Leden (2002) Canada Accident analysis & prevention Negative binomial 
regression 
signalised intersections -pedestrian flow variables –
vehicle flow 
Satiennam & 
Tanaboriboon, 
(2003) 
Thailand  Journal of the Eastern Asia 
Society for Transportation 
Studies 
stepwise regression  KhonKaen Municipality -number of lanes 
-number of schools located in 
100 meter radius 
-number of schools located in 
150 metre radius 
-number of hospitals located in 
100 metre radius 
-number of hospitals located in 
150meter radius 
Shankar et al. 
(2003) 
USA Safety Science zero-inflated Poisson 
model 
mid-blocks and 
intersections 
-illumination 
-footpath width 
-shoulder width 
-signal spacing 
-traffic volume 
-centre turn lane 
-detailed land use variables 
Berhanu (2004) Ethiopia Accident analysis & prevention Poisson & negative 
binomial regression 
models 
urban link roads -road curviness 
-presence of low pedestrian 
traffic volume 
-presence of medium 
pedestrian traffic volume 
-average width of footpath 
-presence of raised kerb road 
edge 
Turner, 
Roozenburg& 
Francis (2006) 
New 
Zealand 
Report for the Land Transport 
New Zealand Research Report 
Poisson or negative 
binomial. 
 signalised crossroads -average daily flow of vehicles 
-pedestrian volume 
 
Pulugurth & USA Accident analysis & prevention negative binomial signalised intersections -population 
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Sambhara (2011) regression -land use variables 
-neighbourhood service district  
Ukkusuri et al., 
(2011) 
USA Transportation Research 
Record: Journal of the 
Transportation Research Board 
Random Parameter 
Negative Binomial 
Model 
road network and 
intersections 
-demographic characteristics  
-land use attributes 
-road network & intersections 
operation characteristics 
Obeng & Salifu 
(2013) 
Ghana International Refereed Journal 
of Engineering and Science 
negative binomial 
regression 
 trunk roads -total vehicle kilometre driven 
-daily pedestrian flow 
-type of road surface 
-shoulder width 
 Sharma, (2013) India International Journal of Science 
and Advanced Technology 
negative binomial 
regression 
rural highway -average annual daily traffic  
-access density 
-shoulder width 
- lane width 
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6.11.2 Discrete Choice Modelling Technique 
Pedestrian injury severity can be modelled using the discrete choice regression model. 
Multinomial regression, ordinal regression, nested multinomial logit and mixed logit models 
are commonly used to analyse the severity of pedestrian injuries.  
 
6.11.2.1 Multinomial Discrete Choice Models 
a) Multinomial Logit  
The multinomial logit is a widely used discrete choice model in various fields. The 
formula of the logit model was first introduced by Luce in 1959 from the assumption of 
probability of choice (Train, 2009). Following this, there have been a number of contributions 
to the development of this model (McFadden, 1974, 2001). The probability expression of the 
multinomial logit regression is: 
 
     (4) 
 
The logit model is expressed in the following form: 
 
ijijiij XY    )5(  
 
Where i is a vector coefficient to be estimated as an outcome i , ijX is a vector of 
explanatory variables, 
ijY is a function of covariates determining the severity level, ij is the 
random component assumed to be distributed independently and identically extreme value. The 
distribution of error terms is the Gamble distribution type I extreme value (logistic distribution) 
(Washington, Karlaftis, & Mannering, 2011). The gamble distribution types I, II and III are 
widely applicable in various fields, including the hydrology and drainage of the road 
environment to estimate maximum flood levels of river crossings and ditches.  
 
Due to the economic, social and health burden of road traffic crashes, researchers are 
under pressure to develop sound methodologies to understand the road traffic crash process and 
contributing factors. As a result, discrete choice models are widely used in traffic safety to 
investigate the relationship between injury severity and contributing factors to crashes (Ye & 
Lord, 2013). However, crash data suffers from underreporting, particularly serious and slight 
injury in developing countries. The characteristics of crash injury severity data and 
methodological problems were discussed by Savolainen, et al. (2011). 
 
 
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A logit model for multiple injury severity was first used last century (Chang & 
Mannering, 1998,1999;Shankar, Mannering, & Barfield, 1996). Even though other methods 
have been introduced more recently, multinomial logit model continues to be used as an 
analytical methodology of injury severity (Lee & Abdel-Aty, 2005; Obeng & Rokonuzzaman, 
2013; Wang, et al., 2013). Nowadays scholars promote the use of multinomial logit model 
injury severity analysis due to the problem of underreporting, and misclassification of crash 
data (Eluru, et al., 2008; Islama & Mannering, 2006). Flexibility is considered the main 
advantage of this method. The details will be discussed in the following section of ordered 
response model.  
 
b) Multinomial Probit 
The probit regression model is similar to the logit model, however, it solves the three 
limitations of logit model mentioned previously (Train, 2009). Random variation can be easily 
handled by this model; any patterns of substitutions are allowed and the application can be 
extended to panel data with temporally correlated error. On the other hand, the limitation of the 
probit model is that it assumes unobserved error terms to be distributed normally in all 
occasions (Train, 2009). The probit model is expressed in the following form: 
 
                                                (6)  
  
 
The differences between the logit and probit models in estimating probability are 
almost insignificant. The logit model has a slightly flatter trail which means the probit curve 
approaches faster than the logit curve (see the Figure 6-9). The other is that the logit and probit 
models give qualitatively comparable results, although the estimates of coefficients are not 
identical.  
 
ijijiij XY  
  
 
 
145 
 
 
Figure 6 - 9: The Probit and Logit Cumulative Distribution Function (as a function of 
linear Predictor) 
 
6.11.2.2 Nested Multinomial Logit Model  
This model has been used by researchers in a variety of circumstances, including 
transportation data analysis. It is appropriate to apply this model if the set of alternatives can be 
fragmented into subset (Train, 2009). The nested logit can overcome the problem of 
independence of irrelevant alternatives (iid) (Chang & Mannering, 1999;Lee & Mannering, 
2002; Savolainen & Mannering, 2007), and resolves independence of irrelevant alternatives 
problem by grouping alternatives that form share the nests.  
 
6.11.2.3 Ordinal Response Models 
The proportional odds model assumes an ordering to the categories. Researchers tend to 
model this approach (Washington, et al., 2011). The ordered crash data like property damage, 
slight injury, serious injury and fatal injury are naturally in order. However, the natural orders 
of crashes are often disturbed.  
 
Ordinal data, such as degree of severity in pedestrian crashes, are preferentially 
modelled using ordered probability structure methods; however, there are circumstances that 
affect the outcome of the models (Washington, et al., 2011). The major problem of the 
characteristics of crash injury severity data that should be considered in selecting the 
appropriate methodology are the underreporting of crashes, the ordinal nature of the data, 
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omitted variable bias, accounting for fixed parameter effects, small sample size, unobserved 
heterogeneity, within-crash correlation, and spatial and temporal correlations (Savolainen, et 
al., 2011; Ye & Lord, 2011). In such situations, even though the data are ordinal, the ordered 
probability model may not be suitable for the data to be modelled. These authors suggest that 
caution should be taken in selecting ordered and unordered models since a trade-off is being 
made between forming ordered responses and giving up the flexibility provided by unordered 
outcome models. Other authors express concern in selecting appropriately between ordered or 
unordered structure models (Eluru, et al., 2008; Islama & Mannering, 2006). All agree that 
ordinal injury severity data could be affected by the availability of air bags in cars, which 
reduce the degree of injury severity (fatality) and increase the number of slight injuries, thus 
introducing bias in the natural order. Moreover, the underreporting of injuries is also a 
potential problem in modelling using the ordered probability model, especially in developing 
countries where many cases of serious and minor injury are not completely recorded. More 
complex models are needed like the mixed logit model to address unobserved heterogeneity. 
 
6.11.2.4 Mixed Logit model 
The mixed logit model is known for its high flexibility to approximate any random 
utility model (McFadden & Train, 2000). Mixed logit is a popular statistical technique in crash 
severity models in recent years. The mixed logit model provides three benefits compared to the 
former models. It allows random taste variation. It also has the provision of unrestricted 
substitution patterns. Finally, it allows the correlation of unobserved factors for repeated 
observations over time. The statistical superiority of the mixed logit model over the standard 
multinomial logit model has been confirmed by Anastasopoulos & Mannering, (2011). The 
choice probability is given as:  
 
 ijP
][
][
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The choice of probability is similar to multinomial logit and the difference is that 
coefficient )( i  varies along the population. However, the mixed (random parameter) model 
can apply for probit, and ordered regression models.  
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6.11.3 Goodness of Fit 
A simple good fit indicates nothing regarding the theoretical flexibility, the data 
variation, and the probability of other outcomes (Roberts & Pashler, 2000). However, end users 
give more emphasis to these three items of information rather than goodness of fit. The theory 
is supported by goodness of fit which is defensible or provable in practice. The goodness of fit 
measures depend on the methods for parameter estimations, as each method having its own 
distribution assumptions, and different error functions being minimised. Although there is no 
logically defined principle for what minimal conditions constitute sufficient fit, a general 
approach has already been established (Schermelleh-Engel & Moosbrugger, 2003). However, 
this research uses a goodness of fit to compare models. The following are some of goodness of 
fit methods: 
a) Likelihood ratio test 
There are number of methods to evaluate the overall fit of count and discrete 
models. The likelihood ratio test is a popular method to assess computing models 
(Washington, et al., 2011).  
 
 )8(  
 
Where )( RLL  is log-likelihood at convergence of the “restricted” model 
(sometimes considered to have all parameters in  equal to 0, or just to include the 
constant term, to test overall fit of the model) and )( uLL   is the log-likelihood at 
convergence of the unrestricted model. The 
2X statistics is 2 distributed with the 
degrees of freedom equal to the difference in the number of parameters in the restricted 
and unrestricted model (the difference in the number of parameters in the R and the 
U parameter vectors). 
 
b) Akaike Information Criteria (AIC) 
Developed to estimate the amount of information contained in the given model 
(Washington, et al., 2011).  
 
QLLAIC 2)(2                                                             (9) 
 
 )()(22 UR LLLL  
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Where Q is the number of parameters and )(LL  is the log-likelihood at convergence. 
Lower value of AIC are preferred to higher values because higher values of )(2 LL  
correspond to greater lack of fit.  
 
6.11.4 Summary 
With regard to modelling techniques, historical development suggests there are a range 
of techniques to estimate the expected pedestrian crash frequency. Similarly, discrete choice 
models help to identify the cause of injury severity at various scales.  
 
Current studies suggest that the development of cutting edge statistical methods for 
crash modelling and injury severity lies in random parameter, which is widely used in recent 
crash modelling and pedestrian injury severity. 
 
As previously discussed in chapter 3, crash database in Ethiopia suffer from 
underreporting and misclassification of problems, in particular on lower injury severity.  
Currently, econometrics methodologies are quite advanced to capture unobserved 
heterogeneity and to minimise the magnitude of such problem faced by the country.  
 
More complex count and discrete choice models are essential to construct models to 
predict number of crashes with specified time and injury severity, respectively. For instance, 
the application of random effect and random parameter models could help us to understand 
crash process in Ethiopia due to the capability of predicting unobserved factors. 
 
Similarly, the mixed multinomial logit model is considered as one of the most 
promising discrete choice model and provides considerable advantages over the rest of other 
discrete choice models. It considers that unobserved information could be sufficiently captured 
to make correlation across the population according to some pre-specified distribution. As a 
result, issues related to under reporting on slight injury crashes may be resolved in identifying 
number of complex interactions of injury severity factors. This allows reduction of biasness 
that emanates from crash data quality problem in Ethiopia.  
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CHAPTER 7: PAPER 3-EXAMINING PEDESTRIAN INJURY SEVERITY 
IN ADDIS ABABA, ETHIOPIA 
7.1 Introductory Summary 
This chapter describes the injury severity of pedestrians in Addis Ababa, Ethiopia, 
focusing on factors that affect the severity of injuries caused by crashes with pedestrians in the 
city. This study was conducted on the pedestrian crash data collected from the Addis Ababa 
police commission and ten sub-city police stations. The analysis has been carried out using a 
mixed logit model with pedestrian age as random parameters across the population. The age of 
pedestrians was considered as heterogeneity variable in forming the model. Here is secondary 
flow chart for this chapter. 
 
Figure 7- 1: Secondary Label Flow Chart Examining Pedestrian Injury Severity in 
Addis Ababa, Ethiopia 
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7.2 Note 
Taken from: 
Tulu, G. S., Washington, S. & King, M. J., & Haque, M. M. (in preparation).Examining Pedestrian 
Injury Severity in Addis Ababa, Ethiopia Using Mixed Logit Regression Model. (will be 
submitted) 
 
The authorship criteria have been met and authors have taken the responsibility based 
on their contribution. All authors have contributed according to the criteria for authorship and 
the candidate accepts the full responsibility as the first author. Moreover, the candidate was 
responsible for all aspects of preparing the manuscript, reviewing previous studies, formulating 
the ideas, analysing the statistics, interpreting statistics analysis and their implications, and 
structuring, writing, and appropriately referencing the manuscript.  
 
The candidate was responsible for the collection of data from the Addis Ababa Police 
Stations and the analysis of the data collected. The second, third and fourth authors are 
members of the candidate’s supervisory team and, in addition to providing assistance with 
manuscript revision and some correction, their contribution to the paper has been supervisory 
in nature.  
 
This article will be submitted to a peer-reviewed scientific journal with an international 
reputation.  
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their field of expertise; 
 
 They take public responsibility for their part of publication; except for the 
responsible author who accepts overall responsibility for the publication; 
 
 There are no other authors of the publication according to these criteria 
 
 Potential conflicts of interest have been disclosed to (a) granting bodies, (b) the 
editor or publisher of journals or other publications, and (c) the head of the 
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7.4 Abstract 
Addis Ababa, with a population of 4 million, is the largest urban centre in Ethiopia. 
Recently, road traffic crashes, and particularly pedestrian crashes, have become a challenging 
problem within the city. Walking is the principal mode of transportation in Addis Ababa 
accounting for about 60% of daily trips, whereas pedestrian injuries account for about 85% of 
total injury crashes. Despite infrastructure and social advancements of the city, pedestrian 
crashes are a persistent problem. By examining police reported pedestrian crash data from 
Addis Ababa, Ethiopia between 2009 and 2012, this paper examines possible contributing 
factors associated with the injury severity of pedestrians. Pedestrian age, commercial vehicle 
(minibus, bus and truck), posted speed limit over 60 km/h, driver relation with vehicle, driver 
education and experience levels, nighttime, and crash location were found to increase 
pedestrian injury level. In contrast, owner drivers, posted speed below 60 km/h. and non-
motorised vehicle types lowered injury severity levels. The injury severity model developed in 
this study guides our advice on where safety investments aimed at pedestrian safety may be 
directed, be they infrastructure or policy focused. Moreover, the model is important to estimate 
injury severity of pedestrians and also assists in examining the total number of people injured. 
In general, heightened contributing factors on injury severity of pedestrians were identified in 
the traffic system by applying the developed model. 
 
Key words:-Pedestrian crashes, Mixed logit model, risk factor, Ethiopia, Addis Ababa,  
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7.5 Introduction 
Addis Ababa is the capital city of Ethiopia, with a population of 4 million, and is 
considered of diplomatic and political significance for the African continent (United Nations 
Economic Commission for Africa, 2013). Recently, the city has been working to develop a 
multimodal transportation system, such as light rail, which is under construction and will be in 
operation within few years. The upgrading of roads has also been given much emphasis lately, 
including improving intersection capacity. It is clear that the government has identified the 
transport sector as an engine for growth of the city. 
 
However, these developments have brought growing urban challenges, such as road 
safety issues. The road transport system is in need of integrated transportation planning and 
research to address major transport related problems. The current practices in Addis Ababa 
reveal that lack of integration among infrastructure providers is a major problem. The 
implications of this are reflected in deteriorating road user safety. As a result, road user 
crashes, and particularly pedestrian crashes, are common.  
 
Recently, road crashes have increased at an alarming rate throughout the country, as 
well as in Addis Ababa (Tulu, Washington, & King, 2013). Pedestrian injury crashes 
accounted for 85% of total injury crashes in the city (Addis Ababa Police Commission, 2012; 
Downing, et al., 2000). Currently, in Addis Ababa, at least one person dies and 8 persons are 
injured every day, on average (Federal Police Commission of Ethiopia, 2013). These figures 
might be low, particularly for injury, due to possible crash underreporting. For instance, while 
data were being collected for this study, some injured pedestrians were observed to negotiate 
with drivers to settle the case with a lump sum of money, presumably because the courts may 
take considerable time and money to process and settle the case. As a result, traffic police may 
not incorporate these privately settled incidents into the traffic crash database. The 
underreporting of traffic crashes in Ethiopia due to personal settlement of claims has also been 
reported in few past studies (e.g., Persson, 2008; TRL Limited in association with Ross Silcock 
Ltd, 2001). 
 
Despite the frequency of pedestrian crashes and the importance of walking as a mode of 
transport, the road authority in Ethiopia often gives attention to the construction and 
maintenance of roadways but not to pedestrian facilities. Recently, newly upgraded roads have 
been provided with footpaths; however, there is a serious problem with maintenance of these 
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footpaths. In 2010, there was a total of 387 kilometres of pedestrian footpaths in Addis Ababa 
(Getachew, 2010), whereas the total length of 7m wide roadways is 3,324 kilometres (Bogale, 
2012). International studies conducted in Asia, Africa, Eastern Europe and Latin America also 
revealed that about 84% of the developing countries’ road network has no provision of 
footpaths in the road network (Vaccines for roads, 2012). Lack of proper pedestrian facilities 
could be one of the reasons for pedestrians sharing roadways with motorised traffic, thus 
increasing the risk of crashes. 
 
In terms of modal split, citizens use walking as the primary means of transportation 
(Tulu, Washington, King, et al., 2013) accounting for about 60% of the trips within the city. 
Apart from this, a high presence of motorized traffic in Addis Ababa may have implications for 
the pedestrian safety. Tesema et al. (2005) reported that more than 77% of the total vehicle 
population in the country are operated in the city. In addition, most vehicles are very old and 
have already finished their useful life; for instance, 65% of vehicle population in Ethiopia are 
older than 15 years (Akloweg, et al., 2011). The lack of enforcement of traffic laws might have 
additional contribution to the poor safety record of pedestrians (e.g., Ministry of Transport, 
2011; WHO, 2013a). Despite many peculiarities in the road traffic environment, vehicle factors 
and traffic enforcement settings, no study has attempted to investigate the injury severity of 
pedestrians involved in vehicle-pedestrian crashes in Addis Ababa, Ethiopia.  
 
The paper aims to identify the possible factors that influence pedestrian injury severity 
in Addis Ababa. A mixed logit injury severity model sheds considerable light into the factors 
influencing severity of pedestrian crashes in Addis Ababa. The identification of factors will 
help to develop targeted countermeasures to improve the pedestrian safety in the city and 
perhaps in Africa more widely. 
 
The next section summarizes the current state of the research related to pedestrian 
injury severity in developing countries. The third section describes the methodology which was 
employed in the analysis of the data and is followed by a description of the data. The results 
section discusses the findings in relation to previous work in the literature. Finally, conclusions 
and recommendations to reduce injury severity level are put forward. 
 
7.6 Literature Review 
Risk factors associated with pedestrian-vehicle crashes have been investigated over a long 
time in western countries (e.g., Eluru, et al., 2008; Kim, et al., 2010; Lee & Abdel-Aty, 2005). For 
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example, pedestrian-vehicle crashes were analysed in rural Connecticut, USA, on a two-lane rural 
highway and it was identified that clear roadway width, type of vehicles, drink driving, pedestrian 
age, and alcohol were the main risk factors in increasing pedestrian injury severity (Zajac & Ivan, 
2003). Other researchers have investigated which vehicle types are involved in crashes resulting in 
more serious injuries and fatalities, and found that pedestrians struck by light trucks were more 
likely to suffer serious injury compared to those struck by passenger vehicles (Roudsari et al., 2004). 
The findings show that clear roadway width, vehicle type, older pedestrians, alcohol impaired 
driving, alcohol intoxication while walking, land use, demography (pedestrians and drivers), road 
geometry, traffic and road environment conditions are all factors that increase pedestrian risk of 
crash injury. 
 
Although several studies have investigated the risk factors for pedestrian crashes in high 
income countries, the literature addressing less developed countries is relatively scant. The few 
previous studies analysing injury severity of road traffic crashes in developing countries include 
binary, ordinal logistic regression, and multinomial regressions, and are summarized in Table 7-1). 
 
Regarding literature on Ethiopia, in particular, there are a few papers related to motor vehicle 
crashes in Addis Ababa published by various authors. A past study revealed that 85% of total 
crashes in Addis Ababa involved pedestrians (Dessie & Larson, 1991). Despite the advances made in 
the city since that study, pedestrian crashes remain a problem. Tesema, Abraham & Grosan (2005), 
examined the suitability of data mining technology for analysing the Addis Ababa traffic police 
crash data. However, the paper emphasised the development of appropriate methods to capture data, 
rather than identifying risk factors for crashes. A case study on the effect of used cars on road traffic 
crashes in Addis Ababa was also conducted by Akloweg, Hayshi, & Kato (2011), focusing on 
describing crashes with second hand cars. The paper recommended that thorough inspection before 
importing second vehicles and mandatory third party insurance could reduce deaths caused by 
second-hand cars. Pedestrian injury crashes in Addis Ababa were analysed by Misganaw&Gebre-
Yohannes, (2011) to identify factors associated with severity level, but the paper lacked a detailed 
modelling of injury severity mainly because the sample data covered only a short period (less than a 
year), and the sample size was not large enough.   
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Table 7- 1: Summary of Literature Review in Developing Countries 
Author  Objective  Data 
used 
Method  Significant risk factors’ 
Sarkar, Tay, and 
Hunt (2011)  
Identify the risk factor 
for pedestrian crash on 
national highways 
(Bangladesh) 
9 years 
crash 
data 
(1998—
2006) 
binary 
logistic 
models 
-old pedestrians & young 
pedestrians 
-crossing the road  
-trucks, buses, baby taxis & 
tractors 
-no traffic control, stop 
control, and pedestrian 
crossings 
-rain 
Misganaw&Gebre-
Yohannes (2011) 
identify factors 
influencing traffic 
fatalities and injuries 
(Addis Ababa, 
Ethiopia) 
310 days 
crashes 
binary and 
ordinal 
logistic 
regression 
models 
-drivers aged 18-30 years 
-less educated drivers 
-poor or no lighting on 
roads 
-wet asphalt surface 
-morning & evening hours 
-offices, residential and 
commercial areas 
-automobiles and small 
taxis/minibuses 
Barua and Tay 
(2010)  
risk factors associated 
with the severity of 
urban transit bus 
crashes (Dhaka, 
Bangladesh) 
8 years 
crash 
data 
(1998-
2005) 
ordered 
probity 
model 
-weekends 
-off-peak periods 
-two-way streets 
-one vehicle 
-vulnerable road users 
Damsere-Derry, 
Ebel , Mock (2010) 
Examine variables 
associated with 
pedestrian injury 
(Ghana) 
5 years 
crash 
data 
(2002-
2006) 
multinomi
al logistic 
regression 
-heavy vehicles 
-speeding 
- roadside activities 
Priyantha&Dissana
yake (2009) 
 
examine the 
motorcycle injuries 
related factors ( Bali, 
Indonesia) 
5 years 
crash 
data 
(2003-
2007) 
multinomi
al logit 
model 
-sideswipe crashes are less 
likely resulting in serious 
injury than slight injury 
- collisions with vehicles are 
less likely resulting in fatal 
injury than slight injury 
Kamruzzaman, 
Haque, & 
Washington (2014) 
To examine 
heightened crash 
severity risk, (Dhaka, 
Bangladesh) 
 
5 years 
crash 
data 
(2007 to 
2011) 
  
 -absence of a road divider  
-nighttime 
-vehicle-pedestrian 
collisions 
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In summary, pedestrian injury severity has been well investigated in western countries; 
however, literature related to risk factors for pedestrian injury severity in developing countries 
is relatively rare. The findings of previous research in western countries indicate that 
pedestrian injury severity correlates with traffic flow and road geometry, demographic factors, 
alcohol intoxicated driving and walking, inadequate visibility, vehicle mass, and speeding. This 
research paper aims to identify the possible contributing factors for pedestrian injury severity 
related to road user characteristics, vehicle and road environmental factors. 
 
7.7 Methods 
Researchers have used a variety of methods to analyse road traffic safety and injury 
severity of road users. Recently, count and discrete dependent variables models have become 
popular among researchers to model road traffic crashes. The discrete data of traffic injury—
which are considered either ordinal or nominal—are often modelled using ordered logit/probit 
and multinomial logit models.  
 
Quddus, Noland, & Chin (2002) used an order probit model in their analysis of 
motorcycle injury and vehicle damage severity to identify the factors associated with injury 
severity. Abdel-Aty (2003) and Lee & Abdel-Aty, (2005) analysed the risk factor on pedestrian 
injury severity using multinomial logit, nested logit, and ordered probability models. The 
ordered probability model was reported to be statistically superior to the other two models. 
Another study compared ordered probit, ordered logit, and multinomial logit models to identify 
risk factors for the degree of severity in expressway traffic crashes (Park, Jang, Park, Kim, & 
Chon, 2012). Likewise, ordered probit models have been adopted to explore pedestrian injury 
severity (Obeng & Rokonuzzaman, 2013). 
 
Ordinal data such as the degree of severity in pedestrian crashes is modelled using 
ordered probability structure methods; however, there are some important limitations 
associated with readily available ordered models which should caution their use (Washington, 
et al., 2011). In such situations, even though the data are truly ordinal, the ordered probability 
model may be less intuitive to interpret than comparable, flexible unordered alternative 
models. Similarly, other authors have expressed concern in selecting between ordered or 
unordered structures (Eluru, et al., 2008; Islama & Mannering, 2006). The above mentioned 
authors suggest that ordinal injury severity data could be affected by the availability of air bags 
in cars, which reduces the degree of injury severity (fatality) and increases the number of 
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minor injuries, which introduces bias in the natural order. In addition, underreporting of 
injuries is also a potential problem with using an ordered probability model, as road crashes 
resulting in less severe injuries are less likely to be reported to police and may not be included 
in the databases of developing countries (Salifu & Ackaah, 2012; Samuel, et al., 2012). 
 
From the literature review and methodological discussion, it was decided that a mixed 
logit model (Kim, et al., 2010) would be applied to model pedestrian injury severity and 
address potential unobserved heterogeneity (Kim, et al., 2010).  
 
A mixed logit model assumes that some parameters are random across the population 
(and sample). Model parameters are allowed to vary across the population with a pre-specified 
distribution, which accounts for unobserved heterogeneity across observations, such that 
(Washington, et al., 2011). 
nininni
y   .  (10) 
Where, nX  are explanatory variables (nighttime indicators, pedestrian age, type of vehicle, 
etc.) as a vector of estimable parameters; 
in
 is a vector of alternative-specific estimable 
parameters, some or all of which are varied across the population, and 
in
  is the error term. It 
is possible to apply individual heterogeneity by varying random parameters across population; 
for instance, pedestrian age. On the other hand, non-random terms are fixed parameters which 
represent constant across the population. The estimable parameter can be written: 
 
 niinini M    (11) 
 
where i  is the part of the mean that is identical for all individuals, n  is a matrix of 
individual-specific characteristics that generate heterogeneity in the mean of 
in
 , M is a matrix 
of estimable parameters on the heterogeneity variables, and ni  is a vector of uncorrelated 
random variables from a chosen distribution, e.g. the normal distribution with mean 0 and 
variance 1 (Kim, et al., 2010) . 
 
Mixed logit probabilities are expressed as the integrals of multinomial logit 
probabilities over a density of parameter. The probability expression of MNL is given by 
(Train, 2009): 
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Thus, the probability of the mixed logit model can be expressed as an integral of equation (12). 
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   (13) 
All other variables are defined in equation (10) and )/( f is a density function   with   
and a vector of parameters of the density function. 
 
7.8 Description of Data 
Road traffic crash data were collected by the Addis Ababa Police Commission and ten 
sub city police departments. The Addis Ababa Police Commission is responsible for collecting 
fatal crash data and the sub city police departments are responsible for recording the details of 
serious injuries, slight injuries, and property damage in their respective sub city. After 
excluding missing variables, the data for this study included 6208 pedestrian injuries which 
occurred over a period of three years (July 2009 to June 2012). 
 
Road traffic injuries in Ethiopia are often classified into three groups including fatal, 
serious, and slight injuries. According to Ethiopian practice, a road traffic fatality is a road user 
who died within 30 days of the traffic crash. Serious injury is when the person is hospitalized 
for a period of 24 hours or more, and slight injury is when a person suffers from a road traffic 
injury and is hospitalised for less than 24 hours.  
 
The road traffic crash database in Ethiopia generally captures numerous variables 
associated with pedestrian injury severity, including demographic characteristics, roadway 
characteristics, environmental factors, vehicle types, and road user characteristics. A total of 33 
variables including their reference variables were used to examine their association with 
pedestrian injury severity. The details of these variables are described in Table 7-2, with 
pedestrian injury severity to give more detailed information.   
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Table 7- 2: Descriptive statistics 
 Variables  Total  Fatal 
injury  
Serious 
injury  
Slight injury  
 Total  6208 (100%) 1,144 
(18.4%) 
2826 (45.5%) 2,238 (36.1%) 
Pedestrian characteristics      
Age ( in year ) Below 18 963 (15.5%) 135(14.0%) 486 (50.5%) 342 (35.5%) 
 18-24 1266 (20.4%) 148 (11.7%) 572 (45.2%) 546 (43.1%) 
 25-54 2983 (48.1%) 592(19.8%) 1333 (44.7%) 1058 (35.5%) 
 55-64 449 (7.2%) 113(25.2%) 200 (44.5%) 136 (30.3%) 
 65—74 354 (5.7%) 97(27.4%) 158 (44.6%) 99 (28%) 
 75+ 193 (3.1%) 58(30.9%) 77 (39.5%) 58 (30.5%) 
Gender  Male  4425 (71.3%) 882(19.9%) 1973 (44.6%) 1570 (35.5%) 
 Female  1783 (28.7%) 262(14.7%) 853 (47.8%) 668 (37.5%) 
Motorist characteristics     
Age ( in year ) <25 991 (16.0%) 164 (16.6%) 454 (45.8%) 373 (37.6%) 
 25-54 4754 (76.6%) 890 (18.8%) 2175 (45.8%) 1683 (35.4%) 
 55-64 344 (5.5%) 76 (22.1%) 140 (40.7%) 128 (37.2%) 
 65-74 96 (1.5%) 7 (7.3%) 45 (46.9%) 44 (45.8%) 
 75+ 23 (0.4%) 1(4.3%) 12 (52.2%) 10 (43.5%) 
Driver education  Primary and below  1649 (26.6%) 407 (24.7%) 707 (42.9%) 535 (32.4%) 
 High school 3784 (61.0%) 654 (17.3%) 1746 (46.1%) 1384 (36.6%) 
 Collage and above  775 (12.4%) 83 (10.7%) 373 (48.1%) 319 (41.2%) 
Driver 
experience  
Novice (0-2 years) 1195 (19.2%) 210 (17.6%) 556 (46.5%) 429 (35.9%) 
 2- 5 years  1642 (26.4%) 338 (20.6%) 700 (42.6%) 604 (36.8%) 
 More than 5 years  3371 (54.3%) 596 (17.7%) 1570 (46.6%) 1205 (35.7%) 
Drivers’ relation 
with vehicle  
Employee  3856 (62.1%) 751(19.5%) 1745 (45.3%) 1360 (35.3%) 
 Owner  1309 (21.1%) 162 (12.4%) 597 (45.6%) 550 (42.0%) 
 Others (family, 
friends, etc.) 
1043 (16.8) 232 (22.2%) 484 (46.4%) 327 (31.4%) 
Vehicle characteristics     
Vehicle type  Car  2915 (47.0%) 374 (12.8%) 1387 (47.6%) 1154 (39.6%) 
 minibus & Bus 2189 (35.3%) 482 (22.0%) 943 (43.1%) 764 (34.9%) 
 Truck  898 (14.5%) 275 (30.6%) 391(43.5%) 232 (25.8%) 
 Non-motorised  206 (3.3%) 13 (6.3%) 105 (51.0%) 88 (42.7%) 
      
Time of Day 
Time  
 
Nighttime (6:00 Pm 
-5.59AM) 
 
2111 (34.0%) 
 
456 (34.3%) 
 
931 (44.1%) 
 
724 (34.3%) 
 Day light (6:00am 
to 5.59Pm) 
4097 (66.0%) 688 (16.8%) 1895 (46.3%) 1541(37.0%) 
Day of the week Monday 
–Friday 
44388 (70.7%) 1597 
(36.4%) 
2003 
(45.7%) 
788 (17.96%) 
 Weekend 1820 (29.3%) 650 (35.7%) 814 (44.7%) 356 (19. 6%) 
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Posted Speed  
 <60 km/h 667 (10.7%) 69 (10.3%) 311 (46.6%) 287 (43.0%) 
 =60 km/h 5110 (82.3%) 922 (18.0%) 2335 (45.7%) 1853(36.3%) 
 >60 km/h 431(6.9%) 153 (35.5%) 180 (41.8%) 98 (22.7%) 
Roadway characteristics      
Median type       
 Absence median 
(Undivided ) 
2815 (45.3%) 662 (19.5%) 1574 (46.4%) 1157 (34.1%) 
 Presence of median 3393 (54.7%) 482 (17.1%) 1252 (44.5%) 1081(38.4%) 
Road type Midblock  4823 (77.7%) 826 (17.1%) 2204 (45.7%) 1793 (37.2%) 
 Intersection 1385 (22.3%) 318 (23.0%) 622 (44.9%) 445 (32.1%) 
Land development      
Land use  Commercial and 
bars areas  
3772 (60.8%) 645 (17.1%) 1709 (45.3%) 1418 (37.6%) 
 Residential areas  1472 (23.7%) 298 (20.2%) 680 (46.2%) 494 (33.6%) 
 Church, hospital & 
schools  
776 (12.5%) 156 (20.1%) 348 (44.8%) 272 (35.1%) 
 Others (industrial, 
agriculture, etc…) 
188 (3.0%) 45 (23.9%) 89 (47.3%) 54 (28.7%) 
Income inhabitants by Location types    
 Low income  1562 (100%) 274 (17.5%) 628 (40.2%) 660 (42.3%) 
 High income  2144 (100%) 401(34.2%) 1009 (47.1%) 743 (34.2%) 
 medium Income  2502 (100%) 469 (18.7%) 1189 (47.5%) 844 (33.7%) 
 
This study also includes the variables of the drivers’ relationship with the vehicle and 
location information (type of sub city). In Addis Ababa, a vehicle may be used by owners of 
the vehicle, an employee driver, or another person (family member or friend of the owner or 
friend of the employee driver) due to the scarcity of vehicles. The relationship between the 
vehicle and these parties might influence crash outcomes such as injury severity of pedestrians, 
for example due to degree of familiarity with the vehicle. 
 
Addis Ababa is divided into ten sub-cities for administrative purposes. However, the 
crash characteristics vary significantly based on socioeconomic features, availability of bars, 
presence of night clubs, and traffic volume. To examine the effects of land use characteristics, 
the sub cities in Addis Ababa are grouped into three main categories: low income inhabitants, 
high income inhabitants and medium income inhabitants. The category with low income 
inhabitants includes economically disadvantaged sub-cities, which are characterised by a lower 
rate of car ownership, and low availability of bars and night clubs. The category with high 
income inhabitants has more car ownership, higher traffic volume and higher availability of 
bars and night clubs. Medium income inhabitant sub-cities are in between the other two 
categories, with a medium level of availability of alcohol, medium traffic volume, some, but 
  
 
 
162 
 
not many, night clubs and bars, and residents with an average income. Tax revenue generated 
by these areas is also low, medium and high for low income, medium income, and high income 
inhabitant areas, respectively (Ethiopian Revenues and Customs Authority, 2013) 
 
7.9 Results and Discussion 
The mixed logit regression model was applied to analyse pedestrian injury severity, as 
shown in Table 7-3. The parameters of each variable were tested to find the evidence to accept 
or reject the null hypothesis at 0.01, 0.05 and 0.1 critical p-values. The best statistical fit model 
was found using a likelihood ratio test. In the analysis, injury severities (fatal, serious and 
slight injuries) were considered as dependent variables, and slight injury was selected as a 
reference. The effects of injury severity based on the reference case were also diagnosed. 
Several factors were found to be significant in explaining pedestrian injury severity, among 
which pedestrian age, driver education, driver experience, driver relation with the vehicle, 
nighttime, weekends, posted speed limit, type of vehicle, type of land use, road type and 
location type contributed to the severity of pedestrian crashes. 
 
The results indicate that the estimable parameters are of plausible sign. The overall 
model fit is reasonably good. The mixed model includes 17 estimated parameters including the 
constant term. The model shows the log likelihood at zero (-6820.19) and at convergence 
(−6117.19) gives a McFadden ρ2 of 0.103, which is reasonable given the amount of variance in 
pedestrian injury-severity data. The discussion for each specific estimate is given below. 
 
The parameter for pedestrian age is a random variable in the best-fit statistical model. 
The estimated parameter is significant with a p-value of less than 1%. This implies that 
pedestrian age randomly varies across the population. The result suggests that the probability 
of fatal pedestrian injury is found to rise with the age of pedestrians. Pedestrian age is a vital 
factor in both the severity of injuries and survival outcomes from pedestrian injuries 
(Demetriades et al., 2004). The different severity and survival outcomes for older pedestrians 
reflect not only variation in walking patterns, but also the fragility of pedestrians, which 
increases with age, particularly over the age of 60. The effects of pedestrian age on the 
likelihood of fatal and serious injury are shown in Figure 7-2. The probability of fatal 
pedestrian injury steadily rises from an early age, and increases at a faster rate beyond the age 
of 60 years. This finding also shows the difference in age structure of pedestrian injury severity 
(fatal and serious) between developing countries and western countries. This can be also 
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justified by the difference in age structure of the population and life expectancy of the two 
categories.  
 
Figure 7- 2: Relationship between Probabilities of Pedestrian Age, and Fatal and 
Serious Injuries using Mean Estimates 
 
A large proportion of pedestrian fatalities are male, shown by an estimated parameter of 
0.004 and a p-value less than 1%. The primary reason for this is that, male pedestrians have the 
tendency to take more risk when they use road environments (e.g. crossing the road). The other 
reason is that, although female participation in economy has increased, males still dominate 
economic and social life (Ethiopian Society of Population Studies, 2008) and this is reflected in 
differences in mobility between the two genders. Evidence suggests that female participation in 
the economy is less than that of males due to the cultural setting of the country (Woldu, 
Tadesse, & Waller, 2013). Females are mostly responsible for domestic work in the home and 
are therefore less exposed to the risk of severe injury crashes than males in Addis Ababa. Thus, 
the male pedestrians had a relatively higher injury risk than females, and a highly significant 
effect in the model. In particular, older male pedestrians were prone to a high degree of injury 
severity level. Unlike Ethiopia, male pedestrian injury severity may be marginally 
overrepresented in western countries (Kim, et al., 2010).  
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Table 7- 3: Mixed Logit Model of Pedestrian Injury Severity in Addis Ababa. 
Variables  Fatal Crashes Serious Injury 
Estimate Std. 
err. 
p-value Estimate Std. err. p-value 
 
Constants -3.35*** 0.23 0.00 -0.22** 0.11 0.047 
 
Random Parameters  
      
Pedestrian age 0.02*** 0.01 0.00    
Std. dev. of distribution  0.03*** 0.009 0.00    
Trucks 1.20*** 0.308 0.00    
Std. dev. of distribution  1.80** 0.756 0.02    
Drivers’ education: high schools    -0.064 0.08 0.413 
Std. dev. of distribution     1.93*** 0.67 0.004 
Church, hospital and school areas -1.93 1.440 0.178    
Std. dev. of distribution  6.24*** 2.107 0.003    
 
Fixed Parameters 
      
Pedestrian characteristics       
Pedestrian age    0.004* 0.00 0.054 
Male pedestrians 0.004*** 0.002 0.004    
Motorist characteristics        
Education level        
Primary school and below 0.512*** 0.112 0.000    
Driving experience        
2-5 years driving experience 0.190* 0.111 0.086 -0.173** 0.084 0.039 
Driver relationship with vehicle       
Owner drivers -0.263* 0.142 0.073 -0.221*** 0.086 0.010 
Other (family, friend, etc) 0.822*** 0.133 0.000    
Vehicle characteristics        
Truck    0.378*** 0.113 0.001 
Minibuses and buses 0.831*** 0.123 0.000    
Non-motorized vehicles  -1.936*** 0.547 0.000    
Roadway characteristics       
Road types       
Intersections 0.226** 0.112 0.045    
Time        
Nighttime (18:00-5.59) 0.647*** 0.105 0.000    
Weekends  0.201** 0.101 0.047    
 
Posted speed 
      
Speed less 60 k/h -2.814*** 0.631 0.000    
Speed over 60 k/h 1.280*** 0.191 0.000 0.306* 0.160 0.055 
Land development (use)       
 Resident areas  0.470*** 0.113 0.002    
Income inhabitants by Location types       
High income inhabitants 0.402*** 0.132 0.002 0.486*** 0.097 0.000 
medium Income inhabitants 0.263** 0.130 0.043 0.267*** 0.051 0.000 
Log-likelihood value at convergence -6115.81      
Log-likelihood value at zero -6820.19      
McFadden 0.103      
AIC/N 1.981      
Number of observations  6208      
Note:***,**,* significance at 1%, 5%, 10% level respectively. All variables are categorical which are indicated by 1/0 except pedestrian age variables and slight injury outcome is the base scenario in the model 
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Table 7-4: Elasticity of the Variables Affecting Injury Severity 
Variables  Fatal  
injury  
Serious 
 injury  
Pedestrian Characteristics    
Male pedestrians  14.2%  
Motorist characteristics   
Education level   
Primary school and below 7.7%  
High school  1.2% 
Driving experience    
2-5 years driving experience  3.0% -1.97% 
Driver relationship with vehicle   
Owner drivers -3.94% -2% 
Other (family, friend, casual drivers, etc) 8.6%  
Vehicle Types   
Truck 10.8% 2.1% 
Bus and minibus 17.8%  
Non-motorised vehicle  -5.2%  
 
Roadway characteristics  
  
Road types   
Intersections 2.94%  
Time    
nighttime (18:00-5.59) 13.4%  
Weekends 3.7%  
Posted speed   
Speed less than 60k/hr. -15.3%  
Speed over 60k/hr. 4.3% 0.9% 
Land development (use)   
Resident areas  7.5%  
Church, hospital and school areas 9.1%  
Location types    
High income inhabitants 8.63% 6.6% 
 
Less educated drivers are more likely to be involved in fatal pedestrian injury in the 
city. Drivers who were educated at the junior school level or below were strongly associated 
with pedestrian fatal injury severity with a p-value less than 1%. The variable for high school 
educated drivers was randomly distributed, with the standard error of high school educated 
drivers significantly different from zero with p-values less than 1%. In contrasts to primary 
school educated drivers, high school educated drivers contribute to a fewer serious injuries. 
These two findings suggest that less educated drivers influence their probability of being 
involved in fatal crashes (see Table 7-4), but the effect varies significantly across the 
population. Moreover, highly educated drivers are less likely to be involved in severe injury in 
the city, and also most probably in other developing countries. 
 
The parameter for truck was found to be random and associated with fatal injuries with 
p-values of less than 5%. Thus, if the vehicle involved in the crash was a truck, it increases the 
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probability of a fatality. Fatal injuries in this case are related to the increased mass of these 
vehicles, which results in greater energy being dissipated on pedestrians. Current AADT trends 
in the city indicate that small vehicles, buses and trucks make up an average of 80%, 17% and 
3% respectively (Ethiopia Road Authority, 2004). The composition of trucks in overall traffic 
volume is a small proportion; however, they are overinvolved in fatal injuries, as the 
probability of fatal injury increases by 10.8% and serious injury by 2.1% when the crash 
involves trucks. These results are in line with those of previous studies in the United States 
(Kim, et al., 2010; Obeng & Rokonuzzaman, 2013) which also show that the involvement of 
trucks in pedestrian crashes results in increased injury severity. 
 
The involvement of buses and minibuses in pedestrian injury crashes was found to be 
significant in causing fatal injuries of pedestrians, with a p-value of less than 1%. The 
probability of fatal pedestrian injuries increases by 17.8% when the crash involves a bus or 
mini bus. However, non-motorised vehicles (animal drawn carts, pack animals and cycles) 
were observed to be less likely to be involved in fatal injury (-5.2%). Although Addis Ababa is 
the capital city of Ethiopia, there are considerable numbers of non-motorized vehicles, 
particularly in the peripheral area of the city. These were involved in less severe pedestrian 
crashes due to their light weight and lower travelling speed. These vehicles share the same 
roadways with motorised traffic in Ethiopia, as in other low income countries. In contrast, 
animal drawn carts and pack animals do not present in the traffic mix of cities in western 
countries. 
 
Churches, hospitals and school areas are associated with fatal injury severity as a 
random parameter in the model. The standard deviation of the random parameter of this 
variable was found to be significant with p-values less than 5%. On the other hand, residential 
areas were found to be associated with fatal injury as a fixed parameter with p-values less than 
1%. Fatal injuries are increased by 7.6% in residential areas, in line with previous research 
done in California, USA (Wier, Weintraub, Humphreys, Seto, & Bhatia, 2009). 
 
With regard to driving experience, drivers who had acquired between two and five 
years of experience were positively associated with fatal injury, with an estimated parameter of 
0.190 and a p-value below 10%. On the other hand, serious pedestrian injuries were negatively 
(fewer) correlated for these drivers with p-values less than 5%. This implies that less 
experienced drivers (though not the least experienced drivers) are more likely to be involved in 
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fatal pedestrian crashes than experienced drivers. These findings are supported by a study done 
in Israel, which found that experienced drivers who have already established experience-based 
knowledge are more likely to avoid potential crash hazards in the road environment 
(Borowsky, Shinar, & Oron-Gilad, 2010). Another similar study reveals that less experienced 
drivers are 8 times more likely to be involved in fatal crashes than most experienced drivers, as 
inexperienced drivers have a lack of ability to predict in advance what will happen on the 
roadways (Groeger, 2006; Pollatsek, Narayanaan, Pradhan, & Fisher, 2006). Less experienced 
drivers increased the probability of fatal injury by 3.1%, but decreased the probability of 
serious injury (1.5%), as seen in Table 7-4. 
 
With respect to the driver of the vehicle, the findings show that other drivers such as 
family members, friends, or others (casual drivers), were more likely to be involved in fatal 
injury compared with employees and vehicle owner/drivers. Table 7-3 indicates that other 
drivers (family, friend, others, etc.) were positively associated with fatal injury with an 
estimated parameter of 0.822 and a p-value below 1%. Fatal injury is more likely to occur to 
pedestrians when the vehicle is driven by people other than the owner or the primary driver of 
the vehicle. Other drivers increased the probability of fatal injury by 8.6%. However, owner 
drivers were also statistically significant with an estimated parameter -0.257, with a p-value 
below 10% for fatal injury. The estimated parameter for owner drivers is negative, which 
shows that owner drivers are less likely to be involved in severe (fatal) injury. This implies that 
familiarity with the vehicle could be a factor, and may be particularly important with an aging 
vehicle population in Ethiopia and other low income countries, as familiarity with the features 
and deficiencies of older vehicles may reduce the likelihood of serious crashes. The driver of 
the vehicle is a critical factor in developing countries, as most vehicles are operated by two or 
more people a day due to the low car ownership; however, this is not the case in western 
countries. Being an owner/driver decreased the likelihood of fatal and serious injury by 3.9% 
and 2%, respectively.  
  
In contrast with other research (Palamara & Broughton, 2013; Rothman, Howard, 
Camden, & Macarthur, 2012), crashes with pedestrians in intersections have a higher injury 
severity compared to midblock sections, which implies that intersections are likely to be 
associated with an increase in the probability of fatal injury, with a p-value of less than 1%. 
The mortality of pedestrians at intersections could be explained by aggressive driving 
behaviours as the main factor (Hassen, Godesso, Abebe, & Girma, 2011), particularly at 
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intersections, as in Addis Ababa almost all traffic signals do not work or have been deliberately 
deactivated. Drivers fail to give priority to pedestrians as well as other vehicles which come 
from other connecting roads. In addition, sight distances provided at intersections may not be 
sufficient to allow traffic a safe view as a priority junction. Moreover, pedestrians lack 
awareness and knowledge of how to cross an intersection safely. However, pedestrian-vehicle 
collisions midblock are more likely to be severe in developed countries, as drivers navigate at 
higher speeds since they rarely expect pedestrians to cross the midblock (Kim, et al., 2010; 
Palamara & Broughton, 2013; Rothman, et al., 2012). Moreover, road users may more 
reasonably comply with traffic signals and signs at intersections. In this case, the finding 
differs from research conducted in western countries due to the difference in drivers and 
pedestrian behaviour.  
 
According to the model, night is positively associated with the risk of fatal injury with 
an estimated parameter of 0.647 and p-values less than 1%. The relative risk of fatal injury 
increases by 13.4% at night compared to during the day (see Table 7-4). One of the reasons for 
this is that operating speed is relatively higher than day time because motorised traffic and 
pedestrian volumes, as well as illegal crossings, are reduced at night, and drivers are able to 
navigate at higher speeds. Eluru, et al., (2008) substantiated this idea in their study. On the 
other hand, inadequate visibility might intensify the risk of pedestrian injury severity as the 
streets in Addis Ababa are either insufficiently illuminated or not lit at all (Tulu, Washington, 
King, et al., 2013). However, the provision of street light and illumination level are quite 
different in developing countries, and incomparable with western countries. For instance, in 
Addis Ababa, there are many problems related to frequent power failures, insufficient 
illumination, and no provision of street light in some places. Apart from this, the rate of alcohol 
intoxication of both drivers and pedestrians could be increased at night, and may be another 
potential risk factor for fatal injury. Even though national drink-driving laws exist, random 
breath testing is not implemented in the city (WHO, 2013a). This finding is similar to other 
research done in Slovenia and Singapore (Simončić, 2001; Wang, et al., 2013).  
 
Weekend crashes are positively associated with fatal injury with an estimated parameter 
of 0.201 and a p-value below 5%. Drink driving could be higher on these days of the week. In 
addition, Saturday is market day and agricultural products are often delivered to the city, which 
results in high traffic volume and much pedestrian activity.  
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Pedestrian injury severities are found to have a direct relationship with speed limit. This 
means that roads with high speed limits are susceptible to higher pedestrian injury severity. 
This is because posted speed is a surrogate measurement of impact speed, which correlates 
with severity level. The fatal injury risk rises by 4.3% for speeds beyond 60 km/h. 
Furthermore, speeds beyond 60 km/h. increased the probability of serious injury by 0.9%. In 
contrast, a posted speed limit less than 60 km/h. was associated with decreased fatal injury, as 
found previously (Mohamed, Saunier, Miranda-Moreno, & Ukkusuri, 2013).  
 
According to the analysis, the sub-city category with high income inhabitants has a 
higher association with fatal injury, with a coefficient of 0.402 and a p-value of less than 1%, 
followed by sub-cities with medium income inhabitants with a coefficient of 0.263 and a p-
value of less than 5%. Similarly, serious injury was also found to have a strong association 
with both of these sub-city categories with a p-value less than 1%. High income inhabitant 
areas increased the probability of fatal and serious injuries by 8.6% and 6.6%, respectively. 
The actual distribution of vehicle ownership based on each area is not available, but it seems 
likely that high income inhabitants and medium income inhabitants are more likely to own 
more vehicles, and to have higher vehicle availability than low income inhabitants. As 
mentioned above, high income inhabitant sub-cities have high motorised traffic and pedestrian 
volumes, and a significant presence of nightclubs compared to the other sub-cities. The 
difference in activities of each sub-city manifests the variation in magnitude of pedestrian 
safety in Addis Ababa. 
 
7.10 The Unique Contribution of this Study 
The unique contributions of this research highlight the differences between developed 
and developing countries. First, the relationship between the probability of male pedestrian age 
and fatal injury is an indicator of the difference between western and developing countries in 
terms of pedestrians’ ability to sustain impact force due to differences in life expectancies and 
quality of life. Another, closely related difference is that pedestrians in developing countries 
are more likely to suffer physical and mental deterioration, particularly in terms of memory, 
hearing and eye sight, earlier than pedestrians in western countries. As a result, the probability 
of fatal injury rises more steeply from an earlier age in developing countries (ref. Figure 7-2). 
A further contribution of this research is the identification of driver education level and 
relationship to vehicle as significant factors. Driver education level has strong association with 
increasing risk of pedestrian injury severity. The results show that the injury severity of 
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pedestrians decreases when the drivers are more educated. In contrast, other drivers (family, 
friends, casual drivers, etc.) are highly associated with increased pedestrian injury severity. 
This factor is a new insight in pedestrian injury severity investigation from the perspective of 
developing countries; however, there is no evidence in western countries in this regard. 
 
 Non-motorized traffic is found to be less associated with injury severity of pedestrians, 
which may be a new insight from the context of developing countries. Additionally, 
intersection of roads is found to be associated with fatal pedestrian crashes, which is 
contradictory to research done in western countries. This is another unique contribution of this 
research which shows the difference between developing and developed countries in risk 
factors for pedestrian injury severity.  
 
 Finally, the probability of fatal pedestrian injury occurring in high and medium income 
areas demonstrated their association with injury severity, which are nation specific findings. 
Thus, the identified contribution of the various factors is largely unique contribution from the 
context of developing countries. These imply that the research manifests the difference in 
pedestrian crash risk factors between developed and developing countries.  
 
7.11 Conclusions and Recommendations 
This study has examined the risk factors that influence the severe injuries of pedestrians 
based on a mixed logit regression model. The model allows better capture of the unobserved 
heterogeneity which affects pedestrian injury severity. Pedestrian age, trucks, drivers’ high 
school education level, and church, hospital and school areas were selected to be normally 
distributed random parameters in this model, while the rest were non-random (fixed) 
parameters.  
 
Sixteen explanatory variables are identified as major contributors to risk factors for 
fatal injury of pedestrians in crashes: increasing pedestrian age, less educated drivers, less 
experienced drivers, commercial vehicles (mini buses, buses and trucks), nighttime, travelling 
over 60 km/h., the intersection type of the road, land use (resident, church, hospital and school 
areas), and type of sub-cities. Factors that are found to decrease the probability of fatal injury 
are owner-drivers, non-motorised vehicle type high school educated drivers and speed below 
60 km/h.  
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One implication is that significant emphasis should be given to engineering measures 
that separate pedestrians in space and time (Retting, et al., 2003). On the other hand, despite 
the availability of elevated pedestrian crossings on the fully access-controlled Addis Ababa 
ring road, illegal crossing is a major issue that increases the risk of fatal injuries. To address 
this problem, strict enforcement in the form of fines could be applied to pedestrians and 
supplemented by education campaigns and awareness programmes. 
 
Driver formal education level is related to the risk factors for injury severity. Less 
educated and less experienced drivers have been found to be involved in more severe 
pedestrian crashes. This indicates that driver licensing schemes may need to be revised to 
address the problem, particularly for professional drivers. The minimum formal education level 
required to get a driver’s license could be raised from the current standard.  
 
The impact of the driver’s relationship with the vehicle is another interesting finding of 
this study. Casual drivers may not be as familiar with the vehicle as owner or regular drivers, 
which could contribute to increased likelihood of errors and hence crashes. This may increase 
the risk of crashes, as the casual drivers may not be familiar with the vehicle. Thus, the 
government should devise a scheme to discourage casual drivers, as these vehicles are most 
likely to be involved in crashes that result in fatal injury.  
 
The presence of intersections may aggravate fatal injury severity. Moreover, 
intersections are a shared road environment for both motorised and non-motorised traffic. 
Many conflict points exist due to non-functioning traffic signals, which escalate the likelihood 
of fatal injury. Thus, it is advisable to adopt dynamic traffic signals in those areas 
(intersections) which have high motorised traffic, pedestrian volumes and insufficient sight 
distance. Also, pedestrian signals should be required at intersections as well as on mid-block 
marked crossings. The provision of pedestrian push buttons may also enhance pedestrian safety 
in the city. 
 
Nighttime driving suggests that strict enforcement is needed during these hours. 
Furthermore, driver training schemes are required for drivers to take precautions while they 
drive in the city as the volume of pedestrians crossing illegally are high (Tulu, Washington, 
King, et al., 2013). 
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In addition, a nighttime enhancement system (e.g. provision of sufficient street lighting, 
and wearing reflective materials by pedestrians) should be introduced to reduce nighttime fatal 
injuries. This measure could be supported by pedestrian education about traffic rules and the 
magnitude of nighttime crashes. This awareness may encourage pedestrians to wear reflective 
materials at night to increase their visibility. Similar studies have also suggested the 
importance of retro-reflective clothes which aid drivers by increasing the visibility of 
pedestrians at night (Tyrrell, Brooks, Wood, & Carberry, 2004; Wood, et al., 2012). Sufficient 
illumination from street lights is also needed to improve visibility in the road environment in 
the city. However, frequent power outages in Addis Ababa make this a difficult proposition. 
Recently, the government has given special attention to the development of electric power, 
which will hopefully lead to an improvement in the street lighting in the city. Alcohol could 
have been another factor even though blood alcohol concentrations (BAC) test is not yet 
enforced (practiced) in the city. 
 
Alcohol breath testing has not been introduced in the city, and the frequency of drunk 
driving and walking has not yet been quantified. However, this could be one of the most 
significant contributors to nighttime and weekend fatal injury. The introduction of alcohol 
breath testing may assist in the reduction of the average fatal injury at night. Speed 
enforcement and alcohol breath testing should target high and medium income inhabitants sub 
cities. Breath testing may have a significant impact on the number of fatal injury crashes in the 
city, as it has in other countries. For instance, in China, the enforcement of drink-driving laws 
has been strictly implemented since 2011, which has significantly reduced the rate of fatal 
injury in the country (Jia, Fleiter, et al., 2013; Jia, King, et al., 2013).  
 
Speed limits beyond 60 km/h. have been identified as a major contributor of fatal injury. 
The finding suggests that reduced speed limits should be considered for resident areas and for 
those locations that have high pedestrian volumes. Speed enforcement is another measure, 
particularly in areas which attract high volumes of pedestrians. The higher speed road in Addis 
Ababa is the inner ring road which is fully access controlled road. Pedestrians are not allowed 
to cross the road even though some people jump over it New Jersey median barriers installed 
down the centre. The road has also fences on frontage roads to segregate pedestrians from 
motorised vehicles. The crash risk on pedestrians is low even though the speed limit provided 
is over 60 km/h. Moreover, good land use planning should also take care to plan and place high 
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pedestrian-attracting institutions on minor roads which have lower speed limits and a lower 
motorised traffic volume. Another point is that traffic control devices which warn drivers to 
slow down are not found in these areas. Many of them could be stolen and could not been 
replaced by the Road Authority.  
 
Education and awareness campaigns are vital countermeasures which should be 
supplemented by engineering and enforcement. For instance, various media could be used to 
make citizens aware of the increase in risk of injury or death due to nighttime visibility, drunk 
driving and walking, excessive speed in residential areas. 
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CHAPTER 8: PAPER 4-INVESTIGATION OF PEDESTRIAN CRASHES 
ON TWO-WAY TWO-LANE RURAL ROADS IN ETHIOPIA 
 
8.1 Introductory Summary 
This chapter describes the development of pedestrian injury crash model on two-way, 
two-lane rural roads which are within a 100 kilometre radius from Addis Ababa, Ethiopia. A 
range of factors (explanatory variables) were found in association with crashes involving 
pedestrians on two-way two-lane rural roads. The present chapter has been written as a journal 
paper that has been submitted to Accident Analysis and Prevention. The candidate is the 
principal author and responsible for all aspects of manuscript preparation. This includes 
reviewing the literature, data gathering, and preparation of data, running the software to 
develop the model, formulating the argument, writing the manuscript, and addressing 
reviewers’ comments. A secondary flow chart is given in Figure 8-1. 
 
Figure 8- 1: Secondary Label Flow Pedestrian Crash Modelling on Two-way Two-lane Rural 
Roads in Ethiopia 
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8.2 Note 
Taken from: Tulu, G. S., Washington, S., Haque, M. M.,& King, M. J., (2015). Understanding 
Pedestrian Crashes on Two-way Two-lane Rural Roads in Ethiopia. The paper has 
been submitted to Accident Analysis & Prevention journal for publication.  
 
The authorship criteria have been met and authors have taken the responsibility based 
on their contribution. All authors have contributed according to the criteria for authorship and 
the candidate accepts the full responsibility as the first author. Moreover, the candidate was 
responsible for all aspects of preparing the manuscript, reviewing previous studies, formulating 
the ideas, analysing the statistics, interpreting the statistics analysis and its implications, and 
structuring, writing, and appropriately referencing the manuscript. 
 
The candidate was responsible for the collection of data from the Addis Ababa Police 
Stations and the analysis of the data collected. The second, third and fourth authors are 
members of the candidate’s supervisory team and, in addition to providing assistance with 
manuscript revision and some correction, their contribution to the paper has been supervisory 
in nature.  
 
This article has already been submitted to a peer-reviewed scientific journal with an 
international reputation.  
 
8.3 Statement of Authorship 
The authors listed below have certified that: 
 They meet the criteria for authorship in that they have participated in the 
conception, execution, or interpretation, of at least that part of the publication in 
their field of expertise; 
 
 They take public responsibility for their part of publication; except for the 
responsible author who accepts overall responsibility for the publication; 
 
 There are no other authors of the publication according to these criteria 
 
 Potential conflicts of interest have been disclosed to (a) granting bodies, (b) the 
editor or publisher of journals or other publications, and (c) the head of the 
responsible academic unit, and  
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 The co-authors have given their consent to the use of the paper in the 
dissertation and its publication on the Queensland University of Technology 
Digital Thesis database.  
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8.4 Abstract 
Understanding pedestrian crash causes and contributing factors in Ethiopia is critically 
important as they account for about 55% of all traffic crashes. Not surprisingly, considerable 
attention in the literature has been paid to road traffic crash prediction models and 
methodologies in developing countries of late. Despite this interest, there are significant 
challenges confronting safety managers in developing countries. For example, in spite of the 
prominence of pedestrian crashes occurring on two-way, two-lane rural roads, it has proven 
difficult to develop pedestrian crash prediction models due to a lack of both traffic and 
pedestrian exposure data. This general lack of available data has further hampered 
identification of pedestrian crash causes and subsequent estimation of pedestrian safety 
performance functions. The challenges are similar across developing nations, where little is 
known about the relationship between pedestrian crashes, traffic flow, and road environment 
variables on rural two-way roads, and where unique predictor variables may be needed to 
capture the unique crash risk circumstances. This paper describes pedestrian crash safety 
performance functions for two-way two-lane rural roads in Ethiopia as a function of traffic 
flow, pedestrian flows, and road geometry characteristics. In particular, random parameter 
negative binomial model were used to investigate pedestrian crashes. The models and their 
interpretations make important contributions to road crash analysis and prevention in 
developing countries. They also assist in the identification of contributing factors to pedestrian 
crashes, with the intent to identify potential design and operational improvements. 
Key words: - Pedestrian crash prediction models, Ethiopia, two-way two lane roads, 
count-based statistical model 
doi:10.1016/j.aap.2015.02.011
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8.5. Introduction 
In developing countries, pedestrian crashes are becoming an increasing public health 
issue (WHO, 2004). In Ethiopia, pedestrian fatalities are the dominant type of road traffic 
fatalities, accounting for 55% of total deaths (Tulu, Washington, & King, 2013; Tulu, 
Washington, King, & Haque, 2013; WHO, 2009). This statistic demands attention, however 
pedestrian safety research in Ethiopia has been relatively rare due to the limitations of 
resources and institutional capacity in the field, and this shortcoming is shared by other 
developing countries. Therefore, the existence of critical gaps in current knowledge regarding 
pedestrian crash problems in developing countries is inevitable. Moreover, developing 
countries reveal differences in driver and pedestrian behaviours, road design, site 
characteristics, pedestrian demography, and crossing group effects compared to western 
countries (Tulu, Washington, King et al., 2013). In general they also lack developed and 
contiguous pedestrian facilities, have poorly integrated land use and transport planning, are 
subject to frequent illegal pedestrian crossings, and lack street lighting. The intent of this paper 
is to fill some of the gaps in knowledge and to gain additional insight into the relationship 
between frequency of pedestrian crashes and explanatory contributing or causal variables using 
statistical models. 
 
Considerable research has been conducted to understand the safety performance of road 
infrastructure as a function of traffic flow, geometric design parameters, site characteristics, 
and road environment factors. Much of this research has focused on estimating the safety 
performance of roads from the perspective of general traffic crashes. For several good reasons, 
relatively little research has explored pedestrian crashes occurring in less developed countries. 
Most pedestrian cash prediction models have been developed in the United States, and 
extensive pedestrian exposure data have been required (Harwood et al., 2008). This is because 
pedestrian volume is a vital variable, such that the frequency of pedestrian crashes varies with 
pedestrian crossing volume (exposure) in the roadway environment (Harwood, et al., 2008; 
Zegeer, Stewart, Huang, & Lagerwey, 2000). However, pedestrian crossing volume data are 
rarely available in road departments and considerable resources and time may be required to 
gather this information.  
 
The research described in this paper incorporates the collection of exposure data and 
aims to develop pedestrian crash prediction models for two-way two-lane rural roads in 
Ethiopia to fill knowledge gaps in developing countries by understanding the complex 
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relationships between pedestrian crash frequency and traffic characteristics, road geometry 
parameters, and site characteristics. To achieve this aim a count-based statistical model was 
estimated and assessed for statistical goodness-of-fit, and consistency with the underlying 
theory of crash process and empirical credibility.  
 
The significance of this study is threefold. First, the prediction of pedestrian crashes is 
vital to transport planners and professional engineers, as it assists in identifying dangerous 
locations on existing infrastructure. For instance, similar road segments can be evaluated to 
identify locations with higher-than-expected pedestrian crashes in the network. The way in 
which some explanatory variables were uniquely measured and implemented will lead to new 
insights regarding the role of pedestrian exposure in pedestrian crashes. Second, the models 
may identify factors that are related to pedestrian crashes and thus may be explored with more 
in-depth, site-level rigorous study. And third, the study represents a unique effort aimed at 
quantifying the effect of factors associated with pedestrian crashes in a developing country.  
 
The following section presents a review of previous literature with emphasis on 
modelling pedestrian crashes on two-lane rural roads in developing countries, and is followed 
by a description of the statistical modelling approach applied in this study. The fourth section 
describes the data used as potential explanatory variables in the modelling process, and the 
subsequent sections outline data analysis, model estimation, and contributions to scientific 
knowledge. Conclusions are presented in the final section. 
 
8.6 Literature Review 
Pedestrian safety on two-lane rural highways is a major concern in developing 
countries, since much of the road network is constituted by this road type. There are many 
factors that contribute to pedestrian crashes, including road environment factors, reckless road 
user behaviour and defective vehicles. In recent years, count models have become popular in 
modelling crashes, taking into account subsets of these contributing factors. Poisson and 
negative binomial regression models were first introduced and promoted in the United States 
(Maher & Summersgill, 1996; Miaou, 1994; Shankar, Mannering, & Barfield, 1995). Building 
on this formative work, Lord et al. (2004) have reinforced the application of these models by 
justifying theoretical aspects of assumed crash mechanisms through establishment of their 
empirical credibility and demonstration of their statistical properties. Before this, most 
researchers modelled crashes using linear regression by assuming that crashes are normally 
distributed and homoscedastic in nature. 
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A number of studies have been carried out to model road traffic crashes starting in the 
late 1980s, particularly in western countries. Most of this research has focused on general 
vehicle crashes (Harwood, Council, Hauer, Hughes, & Vogt, 2000; Hauer, 1989; Vogt, 1999; 
Vogt & Bared, 1998). A limited number of studies have been undertaken on pedestrian crash 
modelling, and most of them concentrate on identifying the contributing factors for pedestrian 
safety at intersections (Bonneson, Pratt, & Songchitruksa, 2011; Hamidun, Ishak, & Endut, 
2013; Miranda-Moreno, Morency, & El-Geneidy, 2011; Schneider et al., 2010; Turner, 
Roozenburg, & Francis, 2006). However, pedestrian crash models for two-way rural roads are 
scant, particularly in developing countries. Some studies have been conducted in the United 
States, New Zealand, Brazil and India (Diogenes & Lindau, 2010; Harwood, et al., 2008; 
Sharma & Landge, 2012; Turner, et al., 2006; Wong & Kockelman, 2013). As a part of the 
AASHTO Highway Safety Manual preparation, a study was conducted by Harwood et al. 
(2008) that found that average daily pedestrian volume, vehicle volume, and maximum 
roadway width crossed by pedestrians were statistically significant predictors of pedestrian 
crashes.  
 
Pedestrian crash prediction models in developing countries are limited to quantifying 
the crash causing mechanism related to pedestrians. One study in Brazil built a pedestrian crash 
model for midblocks of one-way and two-way city roads using a Poisson regression model 
with a variety of explanatory variables (Diogenes & Lindau, 2010). However, the selection of 
the sample midblock focused on those sites that have comprehensive pedestrian crash records, 
which makes the developed model biased. Another study was conducted in India for rural 
roads without taking into consideration pedestrian volume (exposure) and other critical 
variables (Sharma & Landge, 2012). The incorporated independent variables in the model were 
traffic volume, lane width, access density, and shoulder width. Likewise, in Ethiopia, one study 
on crash prediction models for arterial roads in Addis Ababa has been conducted. This study 
acknowledged that pedestrian crashes were considered as one of the major road safety concerns 
in cities; however, pedestrian volume counts were not carried out; rather, the density of 
pedestrians was classified as high, medium, and low (indicator variable) by visual inspection of 
adjacent land uses (Berhanu, 2004), and thus is a relatively coarse measure of exposure.  
 
In summary, there has been relatively little research focused on identifying causes and 
contributing factors of pedestrian crashes on two-way two-lane rural roads in developing 
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countries. Although some pedestrian prediction models are available in western countries, they 
are not applicable to developing countries since there are vast differences in walking culture, 
road environment characteristics, socioeconomic factors, and road user behaviour. While some 
scholars have attempted to formulate pedestrian crash models in developing countries, the 
models do not account for vital explanatory variables, for instance pedestrian volume or 
exposure. In contrast, this study incorporates into models additional metrics on pedestrian 
crossing exposure in addition to traffic flow, and road geometric and site characteristics. 
 
8.7 Statistical Modelling Method  
A range of statistical modelling techniques have been used to model the relationships 
between road geometry, site characteristics, and traffic variables and the expected number of 
resulting crashes on roadway segments or intersections. Crash data are nonlinear, random, and 
non-negative (count) data which approximately follow the Poisson distribution (Lord, 
Washington, & Ivan, 2005). The inherent nature of the Poisson distribution is a positive skew 
to the right and a variance equal to its mean. Pedestrian crashes are non-negative count data 
which show heterogeneity among each member of the population. However, in most practical 
cases, the variance is greater than the mean, so the data are considered to be overdispersed. 
Overdispersed data are modelled efficiently using a negative binomial model (Washington, 
Karlaftis, & Mannering, 2011).  
 
A negative binomial model is formulated as follows (Guevara, Washington, & Oh, 
2004; Haque, Chin, & Huang, 2010; Oh, Lyon, Washington, Persaud, & Bared, 2003; 
Washington, et al., 2011). 
 
                                                                    (14) 
 
Where itX  is a vector of explanatory variables which explain the relationship between 
sampled road segment-specific attributes and pedestrian crashes and   is a vector-estimable 
regression parameter. it  is the mean number of pedestrian crashes at the 
thi  road segment in 
the 
tht time period. )( itEXP   is a gamma-distributed error term with mean 1 and  variance for 
all i  and t . However, the above mentioned mean structure of expected pedestrian crashes is 
generic and may not be able to accommodate a non-linear relationship between exposure 
variables (e.g., vehicle traffic volume, pedestrian crossing volume) and pedestrian crashes. 
Many past studies have demonstrated a nonlinear relationship between exposure variables and 
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road traffic crashes. As a result, these studies applied logarithmic transformation for annual 
average daily traffic (AADT) (Kim, Washington, & Oh, 2006; Mitra & Washington, 2007; 
Washington & Haque, 2013). Furthermore, the nonlinear relationship between pedestrian 
volume and pedestrian crashes has also been verified by many researchers (Elvik, 2009; 
Harwood, et al., 2008; Jacobsen, 2003). Mean pedestrian crashes can therefore be represented 
as follows. 
 
                                                (15) 
 
where
iAADT  is the annual average daily traffic flow for road segment i ; iADPCV  is 
the average daily pedestrian crossing volume of road segment i , and 0 , 1  and  are 
regression parameters to be estimated. 
 
To account for unobserved heterogeneities, random parameter negative binomial 
models were employed in this study, as the collected data are longitudinal and require a 
modelling formulation that can capture the within-subject correlations. The random parameter 
negative binomial (RPNB) model is similar to a negative binomial, but allows parameters to 
vary across observations to account for unobserved heterogeneities (Washington, et al., 2011) 
within sites observed across multiple years. To accommodate random parameters in negative 
binomial models, the estimable coefficient is expressed as 
 
  ii
 
                                                                         (16)  
 
where Ѡi is a normally distributed random term, but can also be distributed as uniform 
or triangular. 
 
8.8 Data Description 
The population of this study is two-way two-lane roads in Ethiopia. Convenience 
samples were formed using criteria specifying similar traffic volumes, road geometry, and road 
functional classifications. This sampling approach made the roads within a cluster relatively 
homogenous. To minimise travel costs and stay within budget, a sample of two-way two-lane 
roads within a 100 km radius from Addis Ababa was chosen. While additional samples would 
ideally have been chosen, personnel, financial, and time resource constraints required the 
selection of one cluster and then random sampling of road segments within the cluster. 
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Extensive data were collected from sampled road segments, representing predominately rural 
areas within Ethiopia. Sampled roadway segments consisted of two-way two-lane rural roads, 
with no sidewalks or major intersections. The road segments also had no street lighting. Many 
of the sampled road segments passed through villages, where local alcohol shops and roadside 
vendors are located along the road frontage. Each sampled road segment had a length between 
6 and 12 kilometres, and road segments were grouped or delineated into reasonably uniform 
road sections in terms of Annual Average Daily Traffic (AADT), daily pedestrian volume, land 
development, terrain, and other factors related to traffic characteristics and road geometry. In 
total, data were collected on 18 road segments. These sampled road segments were taken from 
six major roads (routes) which radiate from the capital city to other parts of the country, 
namely Butajira, Adama, Debre Brehan, Comando, Ambo and Weliso. Pedestrian volumes 
were counted by research assistants recruited in Ethiopia who worked under close supervision 
of the first author. Other secondary data were gathered by the first author from relevant 
institutions including police and roads agencies. The Ethiopian Roads Authority also 
collaborated in this research and provided access to their databases and also provided vehicles 
and other equipment for the collection of roadway geometric, traffic, and pedestrian volume 
data. 
 
Crashes data were collected by the first author with assistance of crash investing police 
officer from each police station. Pedestrian crash counts over a three year period from 2010 to 
2012 on selected segments were included in this study. These events include fatal, serious and 
slight pedestrian injury crashes. According to the Ethiopian practice, a road traffic fatality 
refers to a road user who was involved in a vehicular crash and died within 30 days of the 
traffic crash. Serious injury is determined when a person is hospitalized for a period of 24 
hours or more, and slight injury is designated when a person suffers from a road traffic injury 
and is hospitalised for less than 24 hours. The police reports for road traffic crashes were used 
to compile crash statistics, although specific details regarding crash location were generally 
lacking. The crash locations were verified by the first author with the assistance of crash 
investigation officers from relevant police stations. Site visits were arranged with crash 
investigation officers to identify the precise location of crashes. Concerted efforts were 
therefore made to identify pedestrian crash locations using the descriptions of nearby 
permanent objects or structures along the roads noted in police crash reports. In some instances 
kilometre posts were used to locate the position of crashes, while in other cases individual 
offender files were reviewed to identify the pedestrian crash locations with as much precision 
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as possible. All pedestrian injury crashes that occurred on the sampled road segments during 
the three year period of study were properly located and incorporated in the database.  
 
A typical year was divided into three four-month time periods based on the climate, 
traffic and pedestrian flows (Ethiopian Roads Authority, 2011). The four-month intervals were 
June-September, October-January and February-May. To account for seasonal variations, 
pedestrian crashes at each road segment were counted in these intervals. There were therefore 
162 observations for 18 road segments, representing a panel dataset with 9 observations per 
road segment. 
 
Table 8-1 shows the descriptive statistics of explanatory variables included in this 
study. They can be broadly categorized into five categories: exposure variables, roadway 
characteristics, spatial or land-use characteristics, pedestrian crossing group effect, and 
demographics of pedestrian crossing volumes. 
 
The seasonal traffic volume for each road segment was obtained from the Ethiopian Roads 
Authority. Historical traffic data are reported for one week in each of three four month periods 
considered to represent high, medium and low traffic flow seasons in the country related to cycles of 
agricultural activity. However, for the segments included in the current study the main determinants of 
traffic volume related more to other sources of trip attraction and there were no significant seasonal 
effects in the data. Road geometric standards and site characteristics were gathered from the field and 
other secondary sources held by the Ethiopian Roads Authority and other institutions. 
 
Pedestrian roadway crossing volumes were observed at each site to capture patterns of 
pedestrian exposure. While it is acknowledged that pedestrian volumes were counted after the 
pedestrian crashes occurred, there were no other pedestrian counts available and so error in 
measurement introduced by the sampling time difference was considered to be acceptable relative to the 
alternative of no pedestrian exposure data. It should be recognized that this temporal ambiguity is also 
present with traffic volume data in developed countries, with traffic counts sometimes many years out 
of date. The crossing volumes were counted at representative sections of each road segment under 
investigation. Often, pedestrian movements are minimal or negligible between 7:00pm and 7:00am in 
rural Ethiopia, as the majority of rural roads do not have lighting, most trips (eg. work, shops and 
schools) do not occur after dark, and it is too dark for farming and agriculture related travel. Due to 
personnel and financial constraints, pedestrian crossing volumes were counted during one weekday for 
12 hours (7:00 am to 7:00 pm), and for two hours on a weekend per four month period for each site.  
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Table 8- 1: Descriptive Statistics 
Variables Mean Std. 
Dev. 
Min. Max.  
Exposure Variables      
Annual Average Daily Traffic (AADT) 4552 5613.78 1026 21038 
Daily pedestrian road crossing volume 438 162.52 102 756 
Roadway Geometry      
Length of road segment in kilometre 8.6 1.49 6 12 
Lane width 3.38 0.18 3 3.5 
Roadway width in metres 6.75 0.36 6 7 
Road pavement (Double surface treatment=1, otherwise 
=0) 
0.27 0.45 0 1 
Road pavement (Asphalt pavement=1, otherwise =0) 0.73 0.45 0 1 
Shoulder type (Gravel=1, otherwise =0) 0.39 0.49 0 1 
Shoulder type (Asphalt=1, otherwise =0) 0.44 0.50 0 1 
Posted speed (80 km/h & above=1, otherwise= 0) 0.78 0.41 0 1 
Shoulder Width in metres 1.36 0.50 0.50 2 
Average absolute Gradient in % 2.25 1.23 0.58 5.30 
Average Horizontal Curve Degree of Curvature (radii) 5.45 6.48 0.04 23.90 
Pedestrian Crossing Volume by demographics     
Proportion of male pedestrian crossing volume 0.70 0.10 0.50 0.86 
Proportion of female pedestrian crossing volume 0.30 0.1 0.14 0.50 
Proportion of daily pedestrian crossing volume aged 
below 19 years 
0.25 0.12 0.06 0.54 
Proportion of daily pedestrian crossing volume aged 
between 19-30 years 
0.43 0.11 0.21 0.61 
Proportion of daily pedestrian crossing volume aged 
between 31-50 years 
0.31 0.11 0.11 0.63 
Proportion of daily pedestrian crossing volume aged 
above 50 years 
0.02 0.03 0 0.14 
Pedestrian Crossing Behavioural Factors     
proportion of daily pedestrian crossing volume who 
crossed alone 
0.74 0.12 0.36 0.95 
proportion of daily pedestrian crossing volume who 
crossing in pair 
0.23 0.10 0.05 0.53 
proportion of daily pedestrian crossing volume who 
crossing in group (more than 2) 
0.03 0.02 0 0.11 
Spatial Variables      
Non built-up land use ( if the segment is located in non-
built up areas=1, otherwise=0) 
0.60 0.49 0 1 
Built-up land use (if the segment is located in built-up 
areas=1, otherwise=0) 
0.40 0.49 0 1 
Flat terrain ( if the segment is on flat terrain= 1, 
otherwise=0) 
0.38 0.49 0 1 
Rolling terrain (if the segment is on rolling terrain= 1, 
otherwise=0) 
0.44 0.50 0 1 
Mountainous terrain (if the segment is on mountainous 
terrain= 1, otherwise=0) 
0.18 0.39 0 1 
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Figure 8- 2: Variation of Average Daily Pedestrian Roadway Crossing Volume on Weekday on Sampled Routes with Time of Days 
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To identify patterns of daily pedestrian crossing volumes and motorized traffic volumes on 
the sampled segments, these volumes were plotted against time of day, and are presented in 
Figure 8-2. It appears that both vehicle and pedestrian flow follow similar patterns across the 
day, with peaks in the morning and afternoon. The morning peak for pedestrian crossing 
volume is higher and occurs between 8:00-9:00 am. The afternoon peak is slightly lower but 
is sustained for about two hours from 3:00-5:00 pm with some variations. On the other hand, 
the motorized traffic volume appears have less defined peaks with an average flow of 200 
vehicles/h throughout the day from 8:00 am to 6:00 pm. Rural walking trips are not balanced 
in terms of gender, suggesting that the risk of exposure to pedestrian crashes between the two 
genders varies substantially. 
 
Observations at rural road sites indicated that males were significantly 
overrepresented in roadway crossings, equating to greater risk exposure (Table 8-2). 
Similarly, analysis of six years’ of crash data (drivers, passengers, and pedestrians) in 
Ethiopia revealed that male road users are overrepresented, with higher crash frequencies 
than females (Tulu, Washington, & King, 2013).  
 
Table 8- 2: The Variation of Average daily Pedestrian Roadway Crossing Volume by Gender 
and Age Group across the Sites 
Description Mean Std.  
Dev. 
Min Max 
Gender     
Male 299.9  95.0  78 555 
Female 127.0  57.1  47 268 
Total 426.9  127.7 136  654 
Age Group     
<19 112.0 65.7 24 305 
19-30 177.0 67.5 65 342 
31-51 129.0 50.3 35 286 
>51 9 14.6 0 70 
 
In addition to gender, pedestrian age is another factor of interest. Table 8-2 shows that 
the 19-30 age category represents in general the highest number of crossings, followed by the 
31-50 age group. The under 19 age group was the dominant group in some road segments, 
since ground water wells are located around these areas and the community often use child 
labour to harvest water (Admassie, 2003), which results in higher pedestrian movements for 
those aged below 19.  
 
In addition to pedestrian demographics, this study also collected data on the 
pedestrian crossing group effect across the sampled road segments. Pedestrian crossing 
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volumes by crossing group effect (i.e. alone, pair, and group) and age groups are shown in 
Table 8-3. The majority of pedestrians crossed the sample roadways alone (single pedestrian). 
The share of pair and group crossings is nominal in all road segments under study (see Table 
8-3). This was not expected, but could be because pedestrians walk together on shoulders of 
roadways, but tend to cross roadways individually. Looking across age categories, similar 
proportions crossing alone, in pairs, and in groups; however, those aged below 19 and 
followed by those aged 19-30 were more likely to cross in pairs and in groups (see Table 8-3) 
and older pedestrians were more likely to cross alone or in pairs. Rural pedestrians in 
Ethiopia mostly walk against traffic, which is consistent with traffic regulations for 
pedestrians. To examine the relationship between pedestrian safety and pedestrian crossing 
behaviour types, these variables were converted to segment specific variables using the 
proportion of pedestrian volumes of particular crossing types and included as explanatory 
variables in the random parameters negative binomial model. 
 
Table 8- 3: Variation of Daily Pedestrian Crossing volume by Pedestrian Crossing Behavioural 
Factors and Demographics 
Demographics of Pedestrian Crossing Alone Pair In a group (more than 2) Total % 
Three Four Five Six 
Daily pedestrian crossing volume aged 
below 19 years 
        
Alone 2183      2183 69.9 
In a Pair 117 554     671 21.5 
In a Group 26 54 138 39 5 6 268 8.6 
Total 2326 608 138 39 5 6 3122 100 
 
Daily pedestrian crossing volume aged 
between 19-30 years 
        
Alone 3682      3682 72.3 
In a Pair 192 870     1062 20.9 
In a Group 31 92 174 35   347 6.8 
Total 3905 962 174 35   5091 100 
 
Daily pedestrian crossing volume aged 
between 31-50 years 
        
Alone 2771      2771 71.3 
In a Pair 228 562 30    820 21.1 
In a Group 53 44 165 36   298 7.7 
Total 3052 606 195 36   3889 100 
 
Daily pedestrian crossing volume aged 
over 50 years 
        
Alone 138      138 74.2 
In a Pair 27 14     41 22.0 
In a Group 5 2     7 3.8 
Total 170 16     186 100 
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8.9 Model Results 
A random parameter negative binomial (RPNB) model was used to estimate the 
pedestrian crash prediction model on two way two lane rural roads in Ethiopia, as discussed 
previously. The expected number of pedestrian crashes—the dependent variable—was 
modelled on a ‘crashes per four month’ basis, as seasonal variation in traffic and pedestrian 
volumes, which are critical exposure metrics and vary by season, can be captured in the 
models by breaking the data down in this fashion. 
 
The estimation results are shown in Table 8-4. The RPNB model was estimated using 
simulated maximum likelihood with 200 Halton draws for the random parameter estimation. 
Final model specification was based on theoretical appeal, empirical acceptability, and good 
statistical fit. The likelihood at convergence offers sufficient improvement over a null model. 
McFadden’s ρ2 is 0.44—a reasonable result given the amount of variance in the pedestrian 
injury data. The interpretation and discussion of each significant explanatory variable are 
discussed using their partial or marginal effects—relating the impact on expected crashes 
arising from a unit change in the explanatory variable. A relatively large average partial 
effect, for example -12.5 for Proportion of pedestrian crossing volume—suggests that there 
are large differences in the number of expected crashes as a function of group pedestrian 
crossing exposure. Similarly, partial effects for Log AADTi × ADPCVi and proportion of 
daily pedestrian crossing volume aged below 19 years have relatively high magnitudes. 
 
The parsimonious RPNB model in Table 8-4 included seven explanatory variables including 
one random parameter variable out of the total 23 explanatory variables as shown in Table 8-
1. Significant fixed parameter variables include log of the product of daily pedestrian 
crossing volume and AADT, lane width, presence of gravel shoulder, location of a road 
segment on mountainous terrain, proportion of daily pedestrian crossing volume aged below 
19 years, and proportion of daily pedestrian crossing volume crossed in group. In addition to 
these variables, the variable proportion of daily pedestrian crossing volume crossed in pairs 
was significant as a random parameter since the standard deviation parameter of the assumed 
normal distribution was statistically significant at a 1% significance level. Other variables 
were tested for random parameter specifications; however, only proportion of daily 
pedestrian crossing volume crossed in a pair was found to be a random parameter in the 
RPNB model—suggesting that at some sites the proportion is positively related to pedestrian  
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Table 8- 4: Safety Performance Functions of Pedestrians Crashes on Two-way Two-lane Rural Roads 
Variables Estimate  Partial 
effects  
Std. 
Err. 
z Prob.  
|z|>Z 
[95% Conf. 
Interval] 
 
 
Fixed Parameters 
      
Constant term 3.802*  2.20 1.73 0.084 [-0.508, 8.111] 
Log of the product of daily pedestrian crossing volume and AADT  4.384** 6.905 0.19 2.30 0.022 [0.642, 8.125] 
Lane width  -1.546** -2.436 0.61 -2.55 0.011 [-2.736, -0.356] 
Mountainous terrain 0.642*** 1.011 0.25 2.58 0.010 [0.154, 1.129] 
Shoulder type: Gravel -0.563** -0.887 0.25 -2.23 0.026 [-1.058, -0.068] 
Proportion of daily pedestrian crossing volume aged below 19 years -1.581* -4.290 0.89 -1.78 0.075 [-3.322, 0.162]  
Proportion of daily pedestrian crossing volume who crossing in group (more 
than 2) 
-7.955* -12.532 4.35 -1.83 0.067 [-16.475, 0.564] 
 
Random Parameter 
      
Proportion of daily pedestrian crossing volume who crossing in pair -0.453 -0.714 1.24 -0.37 0.714 [-2.88, 1.97] 
Std. dev. of distribution  1.415***  0.29 4.96 0.000 [0.86, 1.97] 
Dispersion parameter negative binomial Distribution 6.096**  3.07 1.99 0.047 [0.08, 12.11] 
Log likelihood at zero  -492.925      
Log likelihood convergence  -277.583      
McFadden Pseudo R-squared 0.437      
Note:***,**,* significance at 1%, 5%, 10% level respectively  
  
 
 
191 
 
crashes (37% of sites) while at other sites it is negatively related (63%). The partial effects 
for each explanatory variable were calculated, and are presented in Table 8-4.The partial 
effect of an explanatory variable reflects the change in the expected number of pedestrian 
crashes for a unit percentage change of a continuous explanatory variable or a factor change 
of an indicator variable whilst holding all other variables constant at their mean (Washington, 
et al., 2011). 
 
The log of the product of daily pedestrian crossing volume and AADT is statistically 
significant and positively associated with expected pedestrian injury crashes. The 
corresponding partial effect implies that a 1% increment in the log of the product of daily 
pedestrian crossing volume and AADT may raise pedestrian injury crashes by 6.91 units. As 
previous studies by various authors have found, there is a positive correlation between 
frequency of pedestrian crashes and exposure variables (AADT and pedestrian volume) 
(Elvik, 2009; Harwood, et al., 2008). Pedestrian crossing volume is an influential factor in the 
model in this study, i.e. exposure of pedestrians to risk of crashes. A similar study in Sweden 
also found that pedestrian volume had a statistically significant and positive relation with 
pedestrian injury crashes (Brüde & Larsson, 1993). Daily pedestrian crossing volume has also 
been found to have a statistically significant relationship with vehicle-pedestrian collisions at 
intersections (Harwood, et al., 2008). Many studies have reported that the risk of pedestrian 
crashes is nonlinear with respect to increments in pedestrian volumes and traffic volumes 
(Elvik, 2009; Harwood, et al., 2008; Jacobsen, 2003; Leden, 2002). In this study, the log of 
the product of daily pedestrian crossing volume and AADT as exposure variables reveals the 
nonlinear relationship between pedestrian crashes and exposure variables such as pedestrian 
crossing volumes and AADT.  
 
Lane width is negatively associated with the expected number of pedestrian crashes. 
The partial effect for this variable indicates that all other things being equal, a 1 metre 
increase in the lane width decreases pedestrian crashes by about 2.44 on average. Numerous 
other studies have also reported that narrow lane widths are associated with an increased 
likelihood of pedestrian crashes and conversely, increasing lane widths have a positive effect 
on pedestrian safety (Choueiri, Lamm, Kloeckner, & Mailaender, 1994; Zajac & Ivan, 2003). 
In contrast, Hauer (2004) reported that wider roads in developed countries tend to have a 
higher risk for pedestrians because of the additional time needed to cross and because wider 
roads tend to have higher speed limits, although the risk can be moderated by provision of a 
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median refuge or a centre median that pedestrians can use. A dimension of this problem 
perhaps overlooked by others is that many pedestrians stand or walk on the pavement when 
footpaths are unavailable and while waiting to cross the road, and thus narrower roads 
provide less room for pedestrians to walk and wait to cross. Lane widths of sampled roadway 
segments in this study ranged from 3-3.5 metres; however, lane widths beyond 3.5 metres are 
not recommended for two-way two-lane roads in Ethiopian due to economic feasibility 
constraints (Ethiopian Roads Authority, 2002). An additional source of crash risk should be 
considered on narrow rural two-way roads specific to the Ethiopian travel situation. Passing 
lanes are rarely provided on this type of road (Tulu, Washington, King, 2013), and it is well 
known that commercial vehicles (trucks and minibuses) frequently overtake other vehicles, 
and thus would be passing pedestrians (crossing or waiting to cross or walking along side) at 
relatively high speeds and in close proximity. 
 
Mountainous terrain is positively associated with expected frequency of pedestrian 
crashes in the model. This terrain type makes a negative contribution to pedestrian safety, as 
when the terrain is mountainous there is on average 1 additional pedestrian injury crash on 
the segment. Likewise, in other studies rolling and mountainous terrain has been associated 
with additional crash risk (Schalkwyk & Washington, 2008; Ye, Pendyala, Washington, 
Konduri, & Oh, 2009). Mountainous road sections are common in the central and northern 
areas of Ethiopia. The roadway alignment in these areas is characterized by steep gradients 
and sharp horizontal curves in keeping with the mountainous contours. The roads are 
typically quite narrow, which does not facilitate manoeuvring of vehicles in a roadway in 
which pedestrians and motorized vehicles share the same space (roadway). Moreover, these 
areas often experience landslides, which reduce right-of-way of the road environment. 
Similar studies conducted in China have observed increased crash risk on mountainous road 
sections (Fu, Guo, Yuan et al., 2011). In developed countries there are typically either very 
low pedestrian volumes in mountainous areas, or provision of better infrastructure for 
pedestrians where volumes are higher (for example in tourist areas). 
 
Gravel shoulder type is found to decrease the pedestrian injury crashes along rural 
roads in Ethiopia. The partial effect of this variable indicates that gravel shoulders decrease 
pedestrian crashes by about 11%. In contrast to asphalt or paved shoulders, gravel shoulders 
often discourage drivers from using road shoulders for driving, which is may be an important 
safety factor in the context of a developing country like Ethiopia where traffic usually does 
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not maintain lane discipline, i.e. a smoother shoulder places pedestrians in greater danger. A 
gravel shoulder reduces potential conflicts with pedestrians walking along the shoulder and 
therefore the likelihood of crashes.  
 
The proportion of daily crossings by pedestrians aged less than 19 years is negatively 
associated with pedestrian injury crashes in rural parts of Ethiopia. The results show that 
younger pedestrians have lower involvement in crashes on two-lane rural roads. A 1% 
increase in the proportion of this age group crossing a road corresponds with on average a 
4.29 decrease in the expected number of pedestrian injury crashes. Young pedestrians may 
still account for a high proportion of road crashes even though their risk is relatively low, 
because the proportion of younger citizens is relatively high in Ethiopia (Federal Democratic 
Republic of Ethiopia Population Census Commission, 2008) and other developing countries. 
Their relatively lower risk may be because they take less time to cross the road than older 
pedestrians, because they have quicker reflexes, are less likely to be impaired, are more likely 
to recover from being struck, and perhaps because drivers are more cautious around younger 
pedestrians. Lee and Abdel-Aty (2005) carried out a comprehensive risk analysis across 
pedestrian age groups and found similar results. It is worth noting that road density in 
developing countries is relatively low (Tulu, Washington, King, 2013) as a large number of 
people live in the countryside e.g. 83% in Ethiopia (Tulu, Washington, King et al., 2013). In 
contrast, developed countries are typified by high car ownership and a high proportion of 
populations living in urban areas (Tulu, Washington, King et al., 2013; WHO, 2013). The 
implication of this stark difference is that people of working age in Ethiopia are relatively 
more exposed as pedestrians than people of similar age in developed countries. For instance, 
walking is the dominant mode of transportation in rural parts of Ethiopia (Berhanu, 2011).  
 
Proportion of daily pedestrian crossing volume crossed in groups is negatively 
associated with expected pedestrian crashes at the critical value of alpha 0.1, suggesting this 
group of pedestrians may be more compliant with traffic regulations and better at managing 
the road crossing environment. A 1% increase in group crossing leads to a 12.53 unit decline 
in expected pedestrian crashes, when other factors are kept constant. It may also be that group 
crossing can be easily observed by drivers from further away. Proportion of daily pedestrian 
crossing volume crossed in a pair is negatively associated with pedestrian crashes and this 
variable is a random parameter in the safety performance function. On an average, a 1% 
increase in the proportion of crossing volume of this group could bring a reduction of 
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expected pedestrian crashes by 0.71. Like the group pedestrians, pairs of pedestrians crossing 
are probably more observant of the traffic situation in the road environment. However, the 
magnitude of reduction in expected pedestrian crashes is lower in the case of pair crossing 
than group crossing. 
 
8.10 Contribution to the Scientific Knowledge 
As the model in this study incorporates these previously overlooked variables, it 
makes a significant contribution towards understanding the relationship between factors in 
pedestrian crashes on two-way two-lane rural roads in developing countries such as Ethiopia. 
 
This study successfully modelled many explanatory variables to quantify their effects 
on the expected frequency of pedestrian injury crashes using a random parameter negative 
binomial (RPNB) model. The log of the product of daily pedestrian crossing volume and 
AADT, lane width, mountainous terrain, and gravel shoulder type are found to be associated 
with pedestrian crashes in two-way rural roads in Ethiopia. This study has also identified new 
metrics which are able to explain pedestrian exposure, namely proportion of daily crossing 
volume by pedestrians aged below 19 years and a pedestrian crossing group effect (in a pair 
and in a group). The proportion of daily crossing volume by pedestrians aged below 19 years 
is a statistically significant predictor, with younger pedestrians have a lower risk of crashes 
compared to old and mature workforce pedestrians. Crossing in a pair and in a group are 
negatively correlated with the occurrence of pedestrian crashes and are thus significantly 
safer than crossing alone. Thus, risk varies according to a pedestrian crossing group effect—
or a safety in numbers effect.  
 
The unique contribution of the paper is the inclusion of comprehensive exposure 
measurement in the prediction of crash risk in developing countries. Pedestrian exposure on 
two-way two-lane rural roads was incorporated into the model in several ways, addressing a 
gap in research to understand and identify factors associated with pedestrian crashes on two-
way two-lane rural roads. This paper provides a new insight to quantify expected pedestrian 
crashes in the challenging context of developing countries.  
 
8.11 Limitations 
Although this study has a number of strengths, two limitations of the research need to 
be highlighted. Firstly, the research made use of short period counts of daily pedestrian 
crossing volumes. However, pedestrian exposure of sites most certainly varies across time 
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and also across repeated observations of the same time period across and within days, 
resulting in measurement error of the pedestrian exposure metrics. Measurement error in 
predictors is problematic in econometric model—leading to inefficient but consistent 
estimates (Washington et al., 2011). Moreover, other external factors such as market days, 
holidays, and religious and funeral ceremonies influence the pedestrian travel characteristics 
in Ethiopia. Since it was not possible to capture these variations within a short period count, 
the observed volumes may lead to overestimation or underestimation of the effects of 
pedestrian exposure in the pedestrian crash prediction model. This problem has been 
previously noted and it is difficult to find examples of studies that incorporate long duration 
pedestrian counts and adopt a systematic and rigorous pedestrian count methodology 
(Schweizer, 2005).  
 
Despite these shortcomings, the research has reasonably accounted for the effect of 
time in capturing pedestrian volume to reduce bias. A second limitation is related to the 
pedestrian crossing volume observation sites. These were restricted to specific sections of 
road segments. However, visual inspection on site confirmed that pedestrian crossing 
volumes were reasonably uniform with minimal variation between road segments. Thus, the 
potential for bias was minimal in both cases. 
 
Numerous studies (Anderson, McLean, Farmer et al., 1997; Zhang & Ivan, 2005) 
conducted in western countries have reported a positive association between pedestrian 
crashes and horizontal curvature and built-up areas along rural two-way two-lane roads. 
When testing for a possible effect in rural Ethiopia; however, horizontal curvature was not 
found to be significant. Similarly, the presence of built-up areas along the road was not 
significant, despite several studies (e.g. Poch & Mannering, 1996; Kim, Brunner & 
Yamashita, 2006) having reported these effects in developing countries. It is likely the case 
that other studies have not had accurate or complete pedestrian exposure metrics and thus 
‘built up’ areas in these models have served as a proxy for increased pedestrian crash risk. 
These effects might also highlight contextual differences between developed and developing 
countries. These differences manifest in traffic mix, vulnerable population groups of road 
users, infrastructure, social, political and economic contexts. 
 
8.12 Summary and Conclusion 
In this study, crashes with pedestrians are successfully modelled using a random 
parameter negative binomial model. The specifications are theoretically appealing, 
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empirically acceptable and a good statistical fit. This research provides a demonstration of 
pedestrian injury crash modelling for developing countries with a variety of explanatory 
variables. The model can provide detailed information regarding traffic flow, road geometry, 
and pedestrian demography and crossing exposure as individuals and in groups (group 
effects). It forms a good starting point to understanding the pedestrian crash problem in 
developing countries, particularly extremely poor countries with constraints on completeness 
and accuracy of data. The model suggests that some pedestrian demographic and behavioural 
characteristics, road geometry and traffic flow characteristics are associated with pedestrian 
crash risks. In particular, significant explanatory variables are more related to human factors 
associated with traffic flows than to road geometry characteristics such as length of road 
segment, horizontal curvature, absolute value of gradient, shoulder width, posted speed limit 
and pavement type.  
 
The differences among models estimated on data from developed countries suggest 
that the results presented here may be generalizable to other developing countries, especially 
in Africa, with perhaps some model calibration. As is the case in developed countries, 
motorists and pedestrians in developing countries reveal unique patterns of road use as a 
result of fundamentally different underlying travel behaviour. Fundamentally the behaviour—
not analysed in this research—consists of different willingness to accept crash risk among 
travellers as well as different travel needs As a result, the pedestrian crash prediction model 
would need to be recalibrated for other developing countries or regions—much as 
recalibration is done within the TRB Highway Safety Manual. The model presented here and 
based on Ethiopian data facilitates identification of significant factors related to pedestrian 
safety in the region or country of interest, and may assist in the development of targeted 
countermeasures to address pedestrian safety. These findings could also be used to identify 
crash hot spots especially for pedestrians—a topic receiving relatively little attention in the 
literature and ripe for further research attention.  
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CHAPTER 9: PAPER 5-INVESTIGATING PEDESTRIAN CRASHES ON 
MODERN ROUNDABOUTS IN ADDIS ABABA, ETHIOPIA 
 
9.1 Introductory Summary 
This chapter explains the development of a pedestrian injury crash model on modern 
roundabouts which are found in Addis Ababa, Ethiopia. A range of factors (explanatory 
variables) were found in association with crashes involving pedestrians on modern 
roundabouts. This chapter has been written as a journal paper that has been submitted to the 
Transportation Research Board of National Academies. The candidate is the principal author 
and responsible for all aspects of manuscript preparation. This includes reviewing the 
literature, data gathering, and preparation of data, running the software to develop the model, 
formulating the argument, writing the manuscript, and addressing reviewers’ comments. A 
flow chart indicating the organisation of the chapter is given below. 
 
Figure 9- 1: Secondary Label Flow Pedestrian Crash Modelling on Modern 
Roundabout in Addis Ababa 
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9.2 Note 
Taken from: Tulu, G. S., Haque, M. M., Washington, S., & King, M. J., (2015). 
Investigating Pedestrian Crashes on Modern Roundabouts in Addis Ababa, Ethiopia. 
The paper has been submitted to Transportation Research Board (TRB) for 
presentation at the TRB Annual Meeting and for publication in the Transportation 
Research Record: Journal of the Transportation Research Board for 2015. 
 
The authorship criteria have been met and authors have taken the responsibility based 
on their contribution. All authors have contributed according to the criteria for authorship and 
the candidate accepts the full responsibility as the first author. Moreover, the candidate was 
responsible for all aspects of preparing the manuscript, reviewing previous studies, 
formulating the ideas, analysing the statistics, interpreting statistics analysis and their 
implications, and structuring, writing, and appropriately referencing the manuscript.  
 
The candidate was responsible for the collection of data from the Addis Ababa Police 
Stations and the analysis of the data collected. The second, third and fourth authors are 
members of the candidate’s supervisory team and, in addition to providing assistance with 
manuscript revision and some correction, their contribution to the paper has been supervisory 
in nature.  
 
This article is already submitted to a peer-reviewed scientific journal with an 
international reputation. 
 
9.3 Statement of Authorship 
The authors listed below have certified that: 
 They meet the criteria for authorship in that they have participated in the 
conception, execution, or interpretation, of at least that part of the publication 
in their field of expertise; 
 
 They take public responsibility for their part of publication; except for the 
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9.4 Abstract 
Pedestrian crashes are one of the major road safety problems in developing countries 
representing about 40% of total fatal crashes in low income countries. Despite the fact that 
many pedestrian crashes in these countries occur at unsignalized intersections such as 
roundabouts, studies focussing on this issue are limited, thus representing a critical research 
gap. The objective of this study is to develop safety performance functions for pedestrian 
crashes at modern roundabouts to identify significant roadway geometric, traffic and land use 
characteristics related to pedestrian safety. To establish the relationship between pedestrian 
crashes and various causal factors, detailed data including various forms of exposure, 
geometric and traffic characteristics, and spatial factors such as proximity to schools and 
proximity to drinking establishments were collected from a sample of 22 modern roundabouts 
in Addis Ababa, Ethiopia, representing about 56% of such roundabouts in Addis Ababa. To 
account for spatial correlation resulting from multiple observations at a roundabout, both the 
random effect Poisson (REP) and random effect Negative Binomial (RENB) regression 
models were estimated and compared. Model goodness of fit statistics reveal a marginally 
superior fit of the REP model compared to the RENB model of pedestrian crashes at 
roundabouts. Pedestrian crossing volume and the product of traffic volumes along major and 
minor roads had significant and positive associations with pedestrian crashes at roundabouts. 
The presence of a public transport (bus/taxi) terminal beside a roundabout is associated with 
increased pedestrian crashes. Moreover, the maximum gradient of an approach road is 
positively associated with pedestrian safety; the provision of a raised median along an 
approach appears to increase pedestrian safety at roundabouts. Remedial measures are 
identified for combating pedestrian safety problems at roundabouts in the context of a 
developing country. 
 
Keywords: Pedestrian safety; Random effect Poisson model; Pedestrian exposure; 
Spatial factors; Addis Ababa, Ethiopia 
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9.5 Introduction 
Modern roundabouts have only been introduced in Addis Ababa in recent years, 
although the provision of traffic circles for circulating traffic at intersections has been in 
practice for the last 30 years (Solomon, 2007). A modern roundabout has four main 
characteristics that can distinguish its traffic operation from traffic circles (Robinson et al., 
2000). First, a roundabout has yield control upon entry to all approach legs, while a traffic 
circle has no yield control upon entry. Second, priority is given to circulating traffic in the 
case of modern roundabouts while traffic circles have no provision for priorities; hence a 
roundabout has fewer conflicting vehicle movements. Third, a vehicle turning left (note that 
driving is undertaken on the right side of the road in Ethiopia) needs to navigate counter-
clockwise around the central island to make the turn in a roundabout, while a traffic circle 
may allow for vehicles to travel left of the central island to make a left turn. Fourth, 
pedestrian access and crossings are only allowed before the yield line of an approach to a 
roundabout; in contrast, a traffic circle may permit pedestrians to access the central island for 
crossing. 
 
Research suggests that modern roundabouts have been successful in reducing the 
number of traffic crashes and the severity of injuries in many cases in developed countries 
(e.g., Burns, Miranda-Moreno, Saunier, & Ismail, 2012; Polders, Daniels, Casters, & Brijs, 
2013; 2003; Rodegerdts et al., 2010). For instance, installation of modern roundabouts 
contributed to a reduction of 31% to 73% injury crashes at installed intersections in the 
United States (Jacquemart, 1998). A before-after study by Persaud, Retting, Garder, & Lord, 
(2000) reported that replacing 24 stop-controlled and signalized intersections with modern 
roundabouts resulted in a 39% reduction in total crashes and a 76% reduction in injury 
crashes. A comprehensive review of non-US studies also showed installation of modern 
roundabouts led to about a 30-50% reduction in injury crashes and a 50-70% reduction in 
fatal crashes (Elvik, 2003). A general conclusion from these studies is that improved 
geometric configuration and reduced approaching speeds due to deflected geometry along the 
approach to a roundabout reduce the likelihood and the severity of injury crashes at 
roundabouts. 
 
Although modern roundabouts have been found to improve operational efficiency and 
safety performance in developed countries (e.g., Schroeder, Rouphail, & Hughes, 2008), the 
safety of modern roundabouts in the context of developing countries has yet to be examined. 
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There are many differences in roadway and geometric characteristics, enforcement schemes, 
presence of roadway furniture, pedestrian crossing facilities, and driver and pedestrian 
behaviour in developing countries compared with developed countries. A recent study (Tulu, 
Washington, King, et al., 2013) comparing the pedestrian crash risk in developing and 
developed countries has identified several significant differences that are responsible for the 
elevated crash risk of pedestrians in a developing nation. Critical factors include illegal 
crossing, walking along the road, walking while impaired (e.g. by alcohol), high annual 
growth of motorisation, poor maintenance of vehicles, lack of proper road safety education, 
and poor traffic enforcement. Akloweg, et al., (2011) have reported that about 65% of the 
vehicle population in Addis Ababa is more than 15 years old and the unroadworthiness of 
these vehicles might contribute to lower levels of safety. Given these differences in roadway, 
traffic, vehicle and behavioural characteristics, the presumption that pedestrian safety at 
roundabouts will be the same when they are transferred from developed nations to a 
developing country merits a rigorous investigation.  
 
Pedestrian injury crashes represent nearly 85% of the total injury crashes in Addis 
Ababa (Downing, et al., 2000; Jacobs, et al., 2000). A recent study shows that pedestrian 
injuries at intersections are more severe than midblock crashes in Addis Ababa (Tulu, 
Washington, & King, 2013). The provision of a roundabout may help reduce pedestrian 
injuries at high risk intersections for two reasons. First, a roundabout reduces the conflict 
points at an intersection significantly. For instance, a four-legged intersection has 32 vehicle–
vehicle conflict points which can be reduced to 8 conflict points if the intersection is 
converted into a single-lane roundabout. Second, the deflected geometry of the approaches 
and defined priority rules among road users generally encourage drivers to reduce speed 
while approaching the roundabout, which in turn minimizes crash risk and injury severity. 
Many studies (e.g., Brude & Larsson, 2000; Gross, Lyon, Persaud, & Srinivasan, 2013; 
Rodegerdts, et al., 2007; Turner, et al., 2006b) have also reported that the safety performance 
of roundabouts varies according to their geometric features, operating speed and traffic flows. 
In addition to these factors, the safety performance of a roundabout may be affected if there 
are additional influences from land use characteristics and road users. For instance, many 
roundabouts in Addis Ababa are installed near public transport terminals to facilitate traffic 
around the terminal. Public transport terminals in a developing country are usually associated 
with increased pedestrian crossing movements, and also attract many roadside activities such 
as hawkers on the footpaths along surrounding roads. This pattern is seen in many developing 
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countries and may introduce additional challenges for pedestrian safety around roundabouts. 
Therefore the generation of safety performance functions for recently installed modern 
roundabouts in Addis Ababa may help to develop insights into pedestrian safety problems at 
roundabouts in developing countries in general and in Addis Ababa in particular. 
 
As such, the objective of this study was to develop and evaluate crash prediction 
models of pedestrian crashes at roundabouts so that significant geometric, traffic and land use 
characteristics affecting pedestrian safety could be identified and potential remedial measures 
could be taken to combat pedestrian safety problems at roundabouts. The contribution of this 
study is threefold. First, it examines the pedestrian safety issue in a developing country, 
which is significant because pedestrian fatalities in low income countries, which are found 
mostly in Africa, represent nearly 40% of total fatal crashes in these countries (Tulu, 
Washington, King, et al., 2013; WHO, 2013b), while studies focussing on specific pedestrian 
safety problems in developing countries are few. Second, this study develops new insights 
into pedestrian safety around modern roundabouts in a developing nation setting which will 
be helpful for transport practitioners seeking to develop countermeasures to combat existing 
safety problems as well as to design new roundabouts. A safety performance function for 
pedestrian crashes at roundabouts in a developing country represents a unique contribution to 
the road safety literature. Third, the safety performance function of this study aimed to 
include many unique spatial variables collected with developing country pedestrian behaviour 
in mind, in addition to common geometric, roadway and traffic factors, and thus is likely to 
provide a better model estimate and better insights into the pedestrian safety problems at 
roundabouts. Many studies developing a road safety performance function for a transport 
facility like an intersection or roundabout often exclude these spatial variables due to data 
collection difficulties, and as a result suffer from omitted variable bias (Mitra & Washington, 
2007). 
 
The remainder of the paper first includes a description of the statistical models 
employed to develop and test safety performance functions for pedestrian crashes at 
roundabouts, briefly describing random effect Poisson (REP) and random effect negative 
binomial models (RENB) that can take into account temporal correlations resulting from 
multiple observations at a site. The Data Description section describes a variety of exposure 
information, geometric, traffic and land use characteristics variables collected for analysis as 
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part of this study. The results of the statistical models are then discussed, followed by overall 
research conclusions. 
 
9.6 Methodology 
9.6.1 Model Development 
Crashes occurring on transport facility locations such as roundabouts are often 
approximately Poisson or Negative Binomial (NB) distributed, thus requiring the appropriate 
regression model to relate covariates to crash outcomes (Washington, Karlaftis, & 
Mannering, 2003). The NB model overcomes the ‘mean equal to variance’ assumption of the 
Poisson regression model and is generally preferable since overdispersion is often present in 
motor vehicle crash count data. 
 
Let Yit be the number of pedestrian crashes at i
th
 roundabout and t
th
 time period, and 
Yit is Poisson distributed and independents over all roundabouts and time periods such as  
)(~| ititit PoissonY  ,  i = 1, 2, . . . . . . , I and t = 1, 2, . . . . . , T (17) 
where it is the Poisson mean for i
th
 roundabout and t
th
 time period. In the Poisson 
regression model, the expected number of crashes is modelled as follows (Washington, et al., 
2003): 
)exp( βX

 itit       (18) 
where ),......,,1( ,1,  kititit XXX is a vector of covariates representing roundabout-
specific attributes and ),.....,( 0  kβ is a vector of unknown regression parameters. To 
account for overdispersion in the crash data, the NB model accommodates a stochastic 
component to the mean function of the above Poisson regression model as follows (Lord, 
2006) 
)exp( ititit  

 βX                                       (19) 
where it is the model error that is independent of all covariates. The NB model 
assumes that )exp( it is gamma distributed as ),(~ Gamma with mean 1 and variance /1
for all i and t (with 0 ). The inverse of dispersion parameter,  , allows for accommodation 
of overdispersion in the crash data. The mean structure of the above formulation of the NB 
model is simplistic and does not take into account possible nonlinear relationships between 
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traffic flows and crashes. Numerous studies (e.g., Kim, et al., 2006; Mitra & Washington, 
2007; Washington & Haque, 2013) have adopted logarithmic transformation of major and 
minor road traffic flows to develop safety performance functions for intersection crashes. 
Guided by prior research, the structure of the mean for pedestrian crashes at roundabouts of 
this study is as follows: 
)exp()()( 21
min
0 ititi
or
i
major
iit ADPCVAADTAADT 
 

 βX                             (20) 
where
major
iAADT and 
or
iAADT
min
are respectively major and minor road traffic flows 
for roundabout  i; iADPCV is the average daily pedestrian crossing volume for roundabout i;
0 , 1 and 2 are regression parameters to be estimated. 
 
There are various sources of heterogeneity in crash data, including uncertainty in 
exposure and covariates, omitted variables, model misspecification, data clustering, and 
unaccounted temporal correlation. The above negative binomial regression model may not be 
appropriate for time-series cross-section panel data as it does not take into account location-
specific effects. Without accounting for location-specific effects and potential serial 
correlation, the estimated standard errors of regression coefficients may be underestimated 
and resulting inferences misleading (Lord & Mannering, 2010; Washington, et al., 2011). To 
account for structured heterogeneity introduced by data collection and the clustering process, 
two slightly different random effect models are employed to model pedestrian crashes at 
roundabouts. These are the Random Effect Poisson (REP) model, and the Random Effect 
Negative Binomial (RENB) model. 
 
9.6.1.1 Random Effect Poisson (REP) model 
To account for location-specific effects and structured heterogeneity, the REP model 
replaces the model error term ( it ) of Eq. (20) by a location-specific random effect i as 
follows (Haque, et al., 2010) 
)exp()()( 21
min
0 iit
or
i
major
iit ADPCVAADTAADT 
 

 βX
  
 
)exp( ii                    (21) 
),(~  Gammai         
The above specification assumes that the effects of covariates on pedestrian crashes at 
roundabouts are the same but the intercept is different across roundabouts. The location-
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specific effect 
i  assumes a correlation among multiple observations from a roundabout in 
that the observations within a roundabout are exchangeable and hence the correlation is 
constant between any two observations within a roundabout. Therefore the above REP model 
resembles a Generalized Estimation Equation model from the Poisson distributional family 
with exchangeable correlation. 
 
9.6.1.2 Random Effect Negative Binomial (RENB) Model  
The RENB model (Chin & Quddus, 2003) assumes that the number of crashes at a 
roundabout i for a given year t, i.e. itn is independently and identically distributed with 
parameter iti and i , where i is the location-specific random effect and it is the expected 
mean of pedestrian crashes at roundabouts as specified in Eq. (21). Thus the mean of itn is 
iiti  / and the variance is ziiti /)/(  , where )/1/(1 iiz  . To account for the 
location-specific effect, the RENB model assumes the parameter z to be a beta distributed 
random variable with distributional parameter (a, b). The probability density function of the 
RENB model for the i
th
 roundabout can be expressed as (Hausman, Hall, & Griliches, 1984) 
 
P(𝐧𝐢𝟏,….𝐧𝐢𝐓|𝐗𝐢𝟏,… 𝐗𝐢𝐓) = 
√𝐚+𝐛√𝐚+∑ 𝛍𝐢𝐭𝐓 √𝐛+∑ 𝐧𝐢𝐭𝐓
√𝐚√𝐛√𝐚+𝐛+ ∑ 𝛍𝐢𝐭 + ∑ 𝐧𝐢𝐭𝐓𝐓
∏
√𝛍𝐢𝐭+𝐧𝐢𝐭
√𝛍𝐢𝐭√𝐧𝐢𝐭+𝟏 
𝐓                  (22) 
The above NB model accounts for unobserved heterogeneity across locations and 
time by specifying the overdispersion parameter as randomly distributed across groups. This 
RENB model is similar to a Generalized Estimation Equation model with Negative Binomial 
distributional family and exchangeable correlation across multiple within-roundabout 
observations. 
 
9.6. 2 Model Evaluation and Selection Criteria 
The REP and RENB models of pedestrian crashes at roundabouts use as potential 
covariates roadway geometry, traffic variables and land-use characteristics. The models are 
estimated using the Maximum Likelihood (ML) algorithm, while Akaike’s Information 
Criterion (AIC) and the Bayesian Information Criterion (BIC) have been used to compare the 
performance of these models in estimating pedestrian crashes at roundabouts. The AIC 
provides an assessment of model fitness by using the maximum likelihood at convergence 
penalized by the number of parameters used to calibrate the model as follows (Akaike, 1972): 
 
)(2 βLLkAIC        (23) 
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where k is the total number of estimated parameters in a model and )(βLL is the log-
likelihood of the estimated model. AIC thus captures the maximum variability explained by 
the parameters in a model after penalizing for a higher number of parameters in the model. A 
similar goodness of fit criterion is the BIC (Schwarz, 1978) that weighs the trade-off between 
model accuracy and model complexity as follows: 
)(log*)(2 nkLLBIC e β      (24) 
Where n is the number of observations used to estimate the model. From the above 
two equations, it is clear that the penalty for the number of parameters in a model is larger in 
BIC than AIC. A model with lower AIC or BIC value is generally preferred. 
 
9.6.3 Parameter Effects 
Incidence rate ratios (IRR) have been computed to interpret the effect of each 
significant variable included in the model (Chin & Quddus, 2003; Haque, et al., 2010). The 
IRR, or )exp( , provides an estimate of the impact of an explanatory variable on the 
expected pedestrian crash frequency for a one unit change in a continuous variable or the 
factor change of a categorical variable. If the IRR of an explanatory variable is greater than 1, 
an increase or factor change in that variable results in an increase in pedestrian crashes at 
roundabouts. Conversely, a reduction of pedestrian crashes at roundabouts corresponds to an 
IRR that is less than 1. 
 
9.7 Data Description 
To establish a safety performance function for pedestrian crashes at roundabouts, data 
were collected from a total of 22 modern roundabouts in Addis Ababa, Ethiopia. These 
account for about 56% of such roundabouts in Addis Ababa. All the roundabouts were at-
grade unsignalized intersections, of which 14 were four-legged roundabouts and 8 were 
three-legged roundabouts. A roundabout pedestrian crash was defined as any pedestrian crash 
occurring at the roundabout or within 50m of the roundabout along major and minor roads. 
Detailed records of pedestrian crashes were collected from the Addis Ababa Police 
Commissioner’s office and records of pedestrian injury crashes were collected from the sub-
city Police departments. Two hundred and fifty six pedestrian crash counts of three years 
from 2010 to 2012 at the selected roundabouts were included in the model. A typical year 
was divided into three four-month time periods based on the climate, traffic and pedestrian 
flows (Ethiopian Roads Authority, 2011). The four-month intervals were June-September, 
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October-January and February-May. To account for seasonal variations, pedestrian crashes at 
each roundabout were counted in these four-month intervals from 2010 to 2012. Explanatory 
variables such as exposure information, roadway and traffic variables, and spatial 
characteristics of the selected roundabouts were also collected for these four-month intervals. 
This led to 198 observations for 22 roundabouts, representing a panel dataset with 9 
observations per roundabout. 
 
Table 9-1 presents the descriptive statistics of the explanatory variables included in 
the model. The explanatory variables are broadly categorized into three main categories 
including exposure variables, roadway geometric and traffic variables, and spatial or land-use 
characteristics. 
 
Exposure variables included annual average daily traffic (AADT) along major and 
minor roads, average daily pedestrian crossing volume at the roundabout, average daily male 
pedestrian crossing volume, and average daily female pedestrian crossing volume. The 
Ethiopian road authority usually conducts weekly traffic counting three times (June-
September, October-January and February-May) in a year to represent counts for different 
seasons. These weekly counts were then converted to AADT. The AADT along major and 
minor roads in this study were supplied by the Ethiopian Roads Authority (Ethiopian Roads 
Authority, 2011). The pedestrian crossing volume was, however, collected manually. To 
estimate average pedestrian crossing volumes at roundabouts, the counting was scheduled for 
each four-month season. The counting within each season was conducted on one 
representative weekday for 12 hours (7:00 AM to 7:00 PM) and on one representative 
weekend for two hours. The number of pedestrians crossing major and minor roads (within 
50m) as well as through the roundabouts was combined to estimate the total number of 
pedestrians crossing a roundabout. Weekday and weekend counts were then computed from 
seasonal factors in the annual traffic count report of the Ethiopian Road Authority to estimate 
average pedestrian crossing volumes of roundabouts during each four-month period. Gender 
was also captured during the pedestrian crossing volume counts and hence the average 
pedestrian crossing volume of males and females were used as explanatory variables in the 
model. 
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Table 9- 1: Summary Statistics of Variables Included in the Model 
Variables Mean Std. 
Dev. 
Min. Max. 
Exposure Variables      
AADT along major Road 21493.51 5069.91 10965 36874 
AADT along minor Road 10773.15 3629.83 863 18219 
Average Daily Pedestrian crossing volume 
(ADPCV) 
19420.27 13810.69 4616 54912 
Average Daily male Pedestrian crossing volume  12160 9386.53 1645 38576 
Average Daily female Pedestrian crossing volume  7286.30 5061.14 2043 22315 
Roadway and Traffic Variables     
Maximum gradient of major approach road (%) 4.55 2.39 0.8 8.32 
Diameter of the central island (m) 37.59 16.35 17.30 78.30 
Presence truck apron =1, otherwise =0 0.23 0.42 0 1 
Roundabout configuration (four legs=1, otherwise 
three legs=0 
0.64 0.48 0 1 
Number of circulating lanes in the roundabout  2.5 0.66 2 4 
Posted speed limit along major road (if posted 
speed limit ≥80 Km/h = 1, otherwise = 0) 
0.41 0.49 0 1 
Availability of bus stop within 20 meters of major 
approach road 
0.55 0.50 0 1 
Presence of Jersey (Concrete) median barriers along 
major road  
0.36 0 .48 0 1 
Presence of raised medians on the major approach 
road 
0.50 0.50 0 1 
Number of lanes along major road  6.73 0.97 6 8 
Number of lanes along minor road  2.73 1.42 2 6 
Availability of fence on footpath of major road = 1, 
otherwise =0  
0.41 0.49 0 1 
Availability of footpath on Minor road =1, 
otherwise=0 
0.5 0.50 0 1 
Spatial Variables     
Presence of a public transport terminal beside the 
roundabout = 1, otherwise = 0 
0.18 0.39 0 1 
Presence of schools within 100 meters radius of the 
roundabout = 1, otherwise =0 
0.27 0.45 0 1 
Availability of an alcohol bar within 300 meters 
radius of the roundabout = 1, otherwise = 0 
0.36 0.48 0 1 
If the roundabout is located at office and 
commercial areas = 1, otherwise = 0 
0.41 0.49 0 1 
 
Roadway geometric and traffic variables along major and minor roads included 
number of lanes, roundabout configuration (four-legged or three-legged), posted speed limit, 
maximum gradient of the approach, presence of a concrete barrier as a divider, presence of 
raised medians, presence of a footpath, presence of a fence along the footpath and presence of 
a bus stop within 50m of the yield line on an approach road. In addition, several variables 
related to the central island of the roundabout included number of circulating lanes, the 
diameter of the central island, and presence of a truck apron around the central island (the 
low profile concrete apron around the central island that accommodates the overhanging 
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portion of a truck or large vehicle while they are circulating around the island (see Figure 9-
2). 
 
Spatial variables included presence of a school zone within 100 m of the roundabout, 
availability of alcohol-serving bars within a 300 m radius of the roundabout, whether the 
roundabout was located in office and commercial areas, and the presence of a public transport 
terminal beside the roundabout. The provision of a public transport terminal beside a 
roundabout in Addis Ababa is shown in the schematic drawing of a roundabout in Figure 9-2.  
 
Figure 9- 2: Typical Modern Roundabout in Addis Ababa 
9.8 Results 
Table 9-2 shows the parameter estimates of both the REP and RENB models of 
pedestrian crashes at modern roundabouts. Goodness-of-fit statistics of these models are 
shown in Table 9-2. The variance of the location-specific random effect, )exp( i  of the REP 
model is significant at a 5% significance level. Similarly, distributional parameters a  and b
of the random effect of the RENB model are also statistically significant. These findings 
indicate that there indeed exists a strong structural temporal correlation effect in pedestrian 
crashes at roundabouts, and justifies the added complexity of the random effect model. 
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Akaike’s Information Criterion (AIC) and Bayesian Information Criterion (BIC) estimates for 
the REP model are 502.5 and 528.8 respectively, while the corresponding estimates for the 
RENB model are 507.8 and 533.8. The REP model of pedestrian crashes at modern 
roundabouts appears to provide a marginally superior fit with lower AIC and BIC values, and 
thus the REP model results are discussed in the remainder of the paper. 
 
The best-fitting REP model contains six significant predictors of pedestrian crashes at 
modern roundabouts, including (1) the product of traffic flows along major and minor roads, 
(2) average daily pedestrian crossing volume, (3) maximum gradient of the major approach 
road, (4) presence of raised medians along major road, (5) presence of a public transport 
terminal beside roundabout, and (6) presence of schools within a 100 m radius of the 
roundabout. All parameters have plausible signs and magnitudes.  
 
The logarithm of the product of AADT along major and minor roads was significant 
(95% CI: 0.06, 1.58; IRR=2.26) in predicting pedestrian crashes at modern roundabouts. The 
IRR value indicates that pedestrian injury crashes increase by 2.26 times if the logarithm of 
the product of AADT along major and minor roads increases by one unit, all else being equal. 
For example, if traffic increased from 5000 and 1000 vehicles per day on major and minor 
roads respectively to 10,000 and 1350, crashes would increase by a factor of 2.26. Traffic 
flows on the major and minor roads capture exposure to risk, and the non-linear relation is 
captured through the log transform. Prior research (e.g., Elvik, 2009; Lee & Abdel-Aty, 
2005) has also revealed non-linear relationships between pedestrian crashes and traffic 
volumes. 
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Table 9- 2: Safety Performance Functions of Pedestrians Crashes at Modern Roundabouts 
Variables  Random Effect Poisson Model Random Effect Negative Binomial Model 
Estimat
e 
IRR SE z-
statistic 
p-
value 
95% CI Estima
te 
IRR SE z-
statistic 
p-
value 
95% CI 
Constant  -9.71  3.23 -3.01 0.00 [-16.04,-3.39] 4.97  327.65 0.02 0.99 [-637.21,647.15] 
Log of the product of 
major and minor road 
AADT 
0.82  2.26 0.39 2.10 0.04 [0.06, 1.58] 0.99 2.70 0.40 2.46 0.01 [0.20,1.78] 
Log of average daily 
pedestrian  
crossing volume 
0.65 1.92 0.32 2.05 0.04 [0.03, 1.28] 0.68 1.97 0.34 1.99 0.05 [0.01,1.35] 
Maximum gradient of 
major approach road 
0.11 1.12 0.04 2.95 0.00 [0.04, 0.19] 0.10 1.10 0.04 2.39 0.02 [0.02,0.18] 
Presence of raised 
medians on the major 
approach road 
-0.41 0.66 0.18 -2.29 0.02 [-0.77, -0.06]       
Presence of a public 
transport terminal beside 
the roundabout 
0.50 1.65 0.2 2.53 0.01 [0.11, 0.89] 0.60 1.82 0.22 2.77 0.01 [0.18,1.02] 
Presence of schools 
within 100 meters radius 
of the roundabout 
-0.38 0.68 0.20 -1.87 0.06 [-0.78, 0.02] -0.47 0.62 0.22 -2.20 0.03 [-0.89,-0.05] 
Total number of 
observations  
198      198      
Log-likelihood at 
convergence  
-243.25      -245.74      
Log-likelihood at zero -255.74      -306.30      
Variance of the location-
specific effect 
0.06  0.04   [0.01, 0.26]       
Parameter a       1.52e+0
8 
 4.99e+10   [2.0e-
27,1.2e+28] 
Parameter b       11.80  7.83   [3.21,43.32] 
degrees of freedom (df) 8      8      
AIC  502.50      507.48      
BIC 528.81      533.79      
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The logarithm of the average daily pedestrian crossing volume is positively associated 
(95% CI: 0.03, 1.28; IRR=1.92) with pedestrian injury crashes. A unit increase in the logarithm 
of average daily pedestrian crossing volume is associated with about a 92% increase in 
pedestrian injury crashes. The logarithmic transformation of the crossing volume indicates a non-
linear relationship between pedestrian crashes and crossing volumes at roundabouts. Exposure to 
crash risk is directly related to the pedestrian crossing volume and hence pedestrian crashes are 
likely to increase with higher crossing volumes. Pedestrian volumes have also been significant 
predictors of pedestrian crash risk in other studies (e.g., Gårder, 2004). 
 
Maximum gradient of the major approach road is one of the significant (95% CI: 0.04, 
0.19; IRR=1.12) predictors positively associated with pedestrian crashes at roundabouts. A 1% 
increase of the gradient of the major approach is associated with a 12% increase in pedestrian 
injury crashes. There are four possible reasons to explain increased pedestrian crashes with 
steeper gradients. First, steep gradients along roundabout approach roads serve to restrict sight 
distances of both drivers and pedestrians. Second, speed is likely to be higher for vehicles 
travelling on approaches with negative gradients. Moreover in Addis Ababa drivers may not 
exercise proper care in controlling their speeds on negative approach gradients, since speed 
regulation and enforcement are limited. Third, vehicle performance is crucial while traversing an 
approach road with a steep gradient. Akloweg et al. (2011) reported that 65% of vehicles in 
Ethiopia are more than 15 years old, and older vehicles are at greater risk of mechanical 
malfunction and degraded braking performance, with obvious increased potential crash risk for 
pedestrians. Fourth, Ethiopian roads generally do not conform to international standards, such as 
the Highway Capacity Manual (Robinson, et al., 2000). A substandard roadway and/or 
intersection design particularly along a negative gradient approach to a roundabout might also 
contribute to deterioration in pedestrian safety.  
 
The presence of raised medians along the major approach road is negatively associated 
(95% CI: -0.77, -0.06; IRR=0.66) with pedestrian crashes at roundabouts. The corresponding 
reduction of pedestrian crashes is 44% compared to roads without raised medians. Several prior 
studies have reported that raised medians significantly reduce pedestrian crashes (e.g., Schneider 
et al., 2010b; Zegeer et al., 2005) and assist pedestrians to cross roads safely (King, Carnegie, & 
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Ewing, 2003). Apart from separating opposing traffic, raised medians provide pedestrians a 
refuge while crossing a road, so they can effectively plan to cross one direction of traffic at a 
time.  
 
The presence of a public transport terminal in close proximity to a roundabout is 
positively associated (95% CI: 0.11, 0.89; IRR=1.65) with pedestrian crashes at roundabouts. 
The IRR suggests that close proximity of a public transport terminal increases pedestrian crashes 
as much as 65% compared to those without a public transport terminal. Pedestrian movements 
are of course generally higher around public transport terminals, resulting in increased pedestrian 
crash risk over and above the risk captured by vehicle and pedestrian exposure. It is anticipated 
that this effect captures merging and weaving conflicts of vehicles and pedestrians in an intense 
location near the roundabout that is not captured by other exposure metrics. Indeed, Haque and 
Washington (2013) have reported that complex traffic movements due to multiple access points 
close to an intersection are positively associated with intersection crashes. 
 
The presence of schools within a 100 m radius of a roundabout is negatively associated 
(95% CI: -0.78, 0.02; IRR=0.66) with pedestrian crashes at roundabouts, although significance 
was around 10%. A roundabout near a school is associated with 32% fewer pedestrian crashes. 
In contrast, earlier research (e.g., Clifton & Kreamer-Fults, 2007; LaScala, Gruenewald, & 
Johnson, 2004) suggests that pedestrian crashes, particularly crashes involving school children, 
are higher in areas near to schools. The opposite finding of this study may be attributable to the 
developing country context, where roads around schools are often congested due to illegal 
stopping of vehicles and associated reduced speed of traffic. This finding requires further 
investigation of traffic operations and safety near to schools in developing countries. 
 
9.9 Discussion and Conclusions 
This paper develops safety performance functions for pedestrian injury crashes at modern 
roundabouts in Addis Ababa, Ethiopia, to explore the potential effects of significant geometric, 
traffic and spatial factors. In addition to common geometric and traffic features of roundabouts, 
extensive and unique spatial data were collected from 22 modern roundabouts in Addis Ababa, 
representing 56% of such roundabouts within this city. Treating the data as time-series cross-
section panels, this study estimated two plausible random effect models and found that the 
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random effect Poisson (REP) to be marginally superior to the random effect negative binomial 
(RENB) model in explaining pedestrian injury crashes at modern roundabouts.  
 
The REP model identified a number of key variables related to pedestrian safety at 
modern roundabouts in Addis Ababa, including pedestrian crossing volumes, traffic flows, the 
presence of raised medians, gradients of approach roads, presence of public transport terminals 
beside a roundabout, and the presence of nearby schools. The findings will be helpful for 
identifying high risk sites when the models are used as safety performance functions, and for 
exploring possible remedial measures when variables are interpreted as contributing factors 
explaining crash occurrence.  
 
The model identified two exposure variables as influential on crash counts, including 
traffic flows and pedestrian crossing volumes. Like many other cities in developing countries, 
walking is one of the primary modes of transport in Addis Ababa. The current land use and road 
environment facilities do not ensure proper crossing facilities for pedestrians at roundabouts. As 
a result, pedestrians cross roads in relatively unpredictable ways compared to more regulated 
westernized transport systems. At high pedestrian activity roundabouts, designing proper 
crossing infrastructure to separate pedestrians from motorized vehicles should be given priority.  
 
The gradient of the major approach road to a roundabout negatively affects pedestrian 
safety. A roundabout approach road should be properly designed so that gradients do not 
compromise stopping sight distance, which is important to ensure safety of pedestrians and other 
road users. In addition to considering sight distance in roundabout design, authorities should 
review how roundabout design considerations influence approach speeds—a common 
consideration in roundabout design in the UK and Australia—especially for high speed 
approaches.  
 
The presence of raised medians along the major approach to roundabouts is associated 
with reduced pedestrian crashes. Raised medians provide refuge for crossing pedestrians so that 
one need only consider crossing one direction of traffic at a time. Roundabouts lacking medians 
and with high pedestrian exposure and crash risk might be retrofit with raised medians. The 
findings also suggest that the provision of appropriate crossing facilities is vital for pedestrian 
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safety at roundabouts. Pedestrian crossing facilities are often not given proper attention in Addis 
Ababa. Installation of appropriate crossing facilities coupled with raised medians along the 
approach road would definitely improve the safety of pedestrians at the roundabout. 
 
Pedestrian crashes were higher at roundabouts near public transport terminals, where the 
spatial intensity of pedestrian-vehicle conflicts is high. The entry and exit of pedestrians and 
vehicles from public transport terminals should be carefully considered and separated at these 
locations.  
 
Overall, the findings of this study have revealed new insights into pedestrian safety at 
modern roundabouts in a developing country. These findings are intended to assist transport 
planners, road designers, and road safety professionals in the future consideration of pedestrian 
safety in the developing country context. The safety performance function developed may also 
assist in the identification of crash black spots—a routine safety management practice. The 
installation of modern roundabouts is a recent initiative in Ethiopia, and authorities should 
carefully consider the range of pedestrian safety implications highlighted in this paper.  
 
Few studies have developed crash prediction models for pedestrians in developing 
countries. This is the first known study to develop safety performance functions for pedestrians 
at modern roundabouts in a developing country context. One of the major challenges confronting 
researchers in developing countries is the availability of complete and reliable data. Extensive 
efforts have been expended in this study to collect various roadway geometry, traffic and spatial 
variables to support development of safety performance functions of pedestrian crashes at 
modern roundabouts in Addis Ababa, Ethiopia. Manual data collection of pedestrian volumes 
might be subject to some errors; however, this was the best available option to the authors for 
collecting data in Addis Ababa. 
 
Factors affecting pedestrian safety at roundabouts may of course differ from one 
developing country to another. The developed safety performance function might guide other 
researchers attempting to develop pedestrian crash prediction models. Figure 9-3 suggests some 
improvement on the existing roundabouts which are found in the city. 
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A possible extension to this study is the development of simultaneous equation models so 
factors affecting different types of crashes at modern roundabouts could be identified, leading to 
more targeted countermeasures with focus on crash severity rather than crash frequency, as was 
the focus in this study. 
 
Figure 9- 3: Suggested Improvement on Existing Modern Roundabouts 
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CHAPTER 10: DISCUSSION 
10.1 Introduction 
This chapter presents a discussion and synthesis of the findings in the previous chapters. 
First, it highlights the main literature review findings from the perspective of developing 
countries. The literature on road traffic safety, and particularly pedestrian safety, is relatively rare 
and many gaps exist, particularly developing countries. Similarly, little research on road safety, 
and particularly pedestrian safety, is available about Ethiopia. This study can assist researchers 
and other stakeholders to understand the risk factors associated with pedestrian crashes and their 
severity in developing countries. Possible solutions to reduce the current crash risk are also 
indicated. The overall implication of this research is discussed from theoretical perspectives, 
followed by the practical implications. The strengths and limitations of the study are then 
mentioned, followed by conclusions about the findings of this research. Finally, 
recommendations for future research are put forward. A flow chart indicating the organisation of 
the chapter is given below. 
 
Figure 10- 1: Second Level Flow Chart for Discussion and Conclusions 
CHAPTER 10: Discussion  
10.1 Introduction  
10.2 Gaps in research on pedestrian safety in 
developing countries 
10.3 Synthesising the research findings 
10.4 Implications of the research findings 
10.5 Strengths and limitations   
10.6 Conclusions   
10.7 Recommendations for future research  
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10.2 Gaps in the Research on Pedestrian Safety in Developing countries 
The review of previous research suggests that pedestrian data is the cornerstone of 
pedestrian safety. The literature review shows that a range of pedestrian data is needed to 
understand the exposure and risk of crashes into pedestrians. Crash data, an inventory of 
pedestrian facilities, pedestrian networks, pedestrian activities, population census, national 
household travel surveys, and national pedestrian attitude surveys are all required for a full 
understanding (Cottrell & Pal, 2003). However, these types of pedestrian data are never fully 
available in developing countries. Acquiring this data requires considerable cost and effort, 
which may not be possible. For instance, crash data and the population census are the only data 
available in Ethiopia, and may lack accuracy due to underreporting and misclassification. This is 
because the cost of acquiring data and the required skilled manpower are major problems. These 
shortages of relevant pedestrian data could obscure the causes of crashes involving pedestrians. 
 
The quality of crash data is also a concern in all countries around the world, but is a 
particularly serious issue in developing countries. The magnitude of the problem differs from 
country to country, depending on economic factors and the skill level of the workforce. The 
current literature provides evidence that the crash database in Ethiopia is susceptible to the 
problems of underreporting, misclassification of injury severity, and lack of proper 
documentation on crash locations. One detailed study estimated that the underreporting of 
fatalities was as much as 30 percent in Ethiopia (Transport Research Laboratory and Ross 
Silcock Partnership, 2001). In addition, WHO classified Ethiopia as a country that has a poor 
crash data record (WHO, 2004, 2009, 2013a) (although the WHO’s road traffic fatalities 
prediction methodology that was partly used to determine this substantial problems due to the 
selection of inappropriate explanatory variables and statistical techniques). However, recent 
statistical methodologies for analysis of crashes are becoming more advanced compared to the 
quality of crash databases, and they are capable of reducing the magnitude of underreporting. 
These methodologies provide the opportunity for researchers to extract more information which 
helps to direct and implement a wide variety of regulatory strategies aimed at reducing road 
crashes. Recent studies have suggested that severity weighting may help overcome some of the 
influences of underreporting, using the combination of property damage only (PDO) equivalence 
factors and quantile regression (Oh, Washington, & Lee, 2010; Washington, et al., 2014). 
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However, accurate and complete crash databases are vital for this type of research as they 
contain extensive information about the circumstance and locations of crashes. Crash databases 
in Ethiopia and other developing countries suffer from a lack of completeness, accuracy, 
consistency and timeliness (Watson, McKenzie, & Watson, 2011). Thus, the crash data quality 
problem is a challenging issue for transportation researchers that impede discovering the root 
cause and factors contributing to crashes, which are needed for developing road safety policies 
and countermeasures to save lives and minimise injury severity. In contrast, many advanced 
statistical methodologies have allowed researchers to examine and propose evidenced-based 
measures by taking possible underreporting into account. In this regard, developing countries, 
including Ethiopia, need to improve their crash data quality and application of advanced 
statistical techniques and considerable work is required to improve the databases and increase 
institutional capacity (funding and skilled management) to make use of advanced statistical 
methodologies in investigating crashes with pedestrians. 
 
The literature review also verifies that crashes involving pedestrians and their injury 
severity are currently under investigation, and there are no conclusive findings for many types of 
road environment, as risk factors vary with culture, socioeconomic characteristics, demographic 
characteristics, and political environment. Past studies in developed countries have identified the 
main risk factors related to crashes involving pedestrians. Most of these studies identified 
speeding, alcohol intoxication while driving and walking, gender differences, pedestrian age, 
driver distraction, aggressive driving, the size and weight of vehicles, vehicle technical problems, 
the absence of footpaths, poor land use planning, inadequate visibility, the absence of a median, 
school areas, poverty, and the absence of traffic control devices as factors. In the case of Africa, 
there are only two or three research papers on crashes into pedestrians, and in Ethiopia the risk 
factors for crashes involving pedestrians have not yet been assessed. The identification of risk 
factors for crashes with pedestrians in this study will fill some of these gaps in developing 
countries, and particularly in Ethiopia. 
 
With regard to pedestrian injury severity, the literature review reveals that there are many 
risk factors that are associated with injury severity in the context of western countries. Risk 
factors for pedestrian crashes as well as injury severity can vary from country to country due to 
the cultural, economic, social, technological and political differences. 
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The unique differences in pedestrian safety problems between less developed countries 
and more affluent countries contribute to an increased risk for pedestrians. According to the 
literature, the factors specific to developing countries include inadequate visibility, pedestrian 
fatigue, absence of footpath, illegal crossing behaviour, socioeconomic factors, alcohol 
intoxicated while walking, poor transport and land use planning, rapid population growth, lack of 
road safety education, poor enforcement, high annual motorisation growth rate and proportion of 
two-and three wheelers, and problems associated with institutional capacity. Moreover, these 
findings have confirmed the complexity of pedestrian safety issue in less motorised countries.    
 
Pedestrian crash exposure measurement has not been internationally standardised. 
Currently, researchers apply a number of techniques to quantify exposure. No one method has 
proven superior to the others, but each method has its own benefits and drawbacks. This lack of 
standardisation requires a closer look at possible optimal exposure metrics which may be 
applicable and viable for developing countries as well as developed one.  
 
10.3 Synthesising the Research Findings 
Based on the reviewed literature and the results of this study, there are a number of 
priorities for mitigating pedestrian crashes in Ethiopia. The following research questions are 
addressed in this research to mitigate the pedestrian crashes in the country. These include: 
 
 How should exposure be measured to enable prediction of pedestrian crash risk?  
 To what extent do road environment features contribute to pedestrian crashes in 
Ethiopia? 
 How do land use characteristics relate to pedestrian crashes? 
 What are the influencing factors of pedestrian injury severity in Addis Ababa?  
 When do pedestrian crashes occur? 
 What are the demographic and socioeconomic characteristics that positively or 
negatively contribute to pedestrian crashes? 
 How do pedestrian behavioural characteristics, like risk-taking behaviour, influence or 
contribute to pedestrian exposure to crashes?  
 What are the potential solutions to reduce the incidence of pedestrian crashes? 
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The detailed verification of each research questions is shown below. 
 
10.3.1 General: Development of Conceptual Framework of this Research 
Crashes with pedestrians in developing countries have shown an increasing trend in the 
past and at present. They are expected to continue in a similar pattern in the coming years. As the 
economy grows, the mobility of people also increases. Pedestrian-vehicle collisions are 
increasing at a fast rate per annum due to the rapid motorisation, fast growing urbanisation and 
rapid economic growth in developing countries.  
 
To understand crashes with pedestrians, a system approach to pedestrian safety was 
adopted as part of this research. The proposed conceptual framework will be applied in similar 
studies in future, in Ethiopia as well as in other developing countries. A system approach to 
pedestrian safety allows these countries to optimise their resources and mitigate crashes 
involving pedestrians. Moreover, the Haddon matrix for crashes with pedestrians, which was 
developed in the context of developing countries, is an instrument for proposing possible 
remedial measures. Each cell for pre-crashes, event, and post crashes in the Haddon matrix were 
identified with driver, pedestrian, vehicle, road geometry and operating environmental factors.  
 
A step by step method for problem identification and the countermeasure evaluation 
process (mitigating pedestrian crash process) was also recommended. This process gives new 
insight into identifying, defining and understanding pedestrian safety problems, identifying the 
root causes and contributing factors for crashes, developing an alternative course of intervention, 
selecting optimal remedial measures, and evaluating the effectiveness of interventions. 
 
10.3.2 Research Question One 
“How should exposure be modelled to enable the prediction of pedestrian crash 
risk?” 
The finding of this study reveals that a metric for modelling pedestrian exposure to 
risk has been developed to predict pedestrian crashes on two-way rural roads and modern 
roundabouts in Ethiopia. The first was the log transformation of exposure variables which had 
been proposed by a number of researchers previously (Hakkert & Braimaister, 2002; Kim, et al., 
2006; Mitra & Washington, 2007; Washington & Haque, 2013). This study successfully applied 
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the log transformation of the product of daily pedestrian crossing volume and AADT for 
pedestrian crash modelling on two-way two-lane rural roads. Again, the log of the product of 
major and minor road AADT was applied to modern roundabout pedestrian crash modelling. The 
log transformation of daily pedestrian crossing volume was also applied as an additional 
exposure variable to model pedestrian crashes on modern roundabouts (see Chapter 8 and 9).  
 
The risk of pedestrian crashes was measured in relation to proportion of daily 
pedestrian road crossing volume by age group. This metric had not been used before in count 
regression models. According to the model, the proportion of daily pedestrian crossing volume 
accounted for by pedestrians aged below 19 years was found to have a negative association with 
the occurrence of crashes involving pedestrians (see Chapter 8).  
 
The risk factors that were applied are pedestrian crossing characteristics, in particular 
social factors (crossing alone, in a pair, or in a group). The proportions of pedestrians who 
crossed in a pair or a group were found to be negatively associated with the expected frequency 
of crashes with pedestrians. This crossing behaviour of pedestrians had never previously been 
used to explain pedestrian injury crashes in the count regression model (see Chapter 8). 
 
In summary, the combination of traffic volume and pedestrian crossing road volume 
constitutes an important proxy for measuring pedestrian exposure, when used as a log 
transformation of exposure variables. Moreover, the proportion of pedestrians in particular age 
categories, and whether they cross alone, in a pair or in a group are also risk factors for 
pedestrian injury crashes. These variables explain crashes with pedestrians in conjunction with 
road geometry and site/spatial variables.  
  
10.3.3 Research Question Two 
“To what extent do road environment features contribute to pedestrian crashes in 
Ethiopia?” 
This research question deals with the relationship between the road environment 
characteristics and pedestrian crashes in Ethiopia. The discussion focuses on pedestrian crashes 
in relation to midblock vs intersections, multilane vs two-way, two-lane roads, inadequate 
visibility, urban vs rural road environment, and the mix of traffic. The discussion of each road 
environment characteristic is provided below.  
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10.3.3.1 Midblock vs. Intersections 
Crashes occur more frequently at midblock sections than intersections in Ethiopia. The 
analysis done on the national crash data revealed that midblock sections have a higher record of 
road user fatalities and non-fatal crashes than intersections (Tulu, Washington, & King, 2013). 
One of the reasons for the high proportion of midblock road user crashes in developing countries 
is that pedestrians cross the roadway anywhere in the road environment. For instance, illegal 
crossing, hawkers (people selling goods on the roadway), lack of footpaths and high volume of 
walking along roadways are major issues in towns and cities. Moreover, roadways are 
considered shared facilities for both motorised and non-motorised traffic. This finding confirms 
the uniqueness of pedestrian risk to crashes in developing countries. The findings of this research 
show that midblock areas are significantly crash prone areas, and that reducing the risk will 
require a focus on illegal crossing and activities occurring in the road environment, especially in 
urban areas. This is in apparent contrast to developed countries, as a study done in Dallas, Texas, 
USA, found crashes were clustered at intersections, contradicting the finding of this research 
(Roudsari, Kaufman, &Nirula, 2007). 
 
With regard to pedestrian injury severity, intersections were found to be associated with a 
higher level of pedestrian injury severity in Addis Ababa (see Chapter seven). Insufficient 
provision of decision sight distance at intersections could be one of the reasons for this. A second 
reason is likely to be that traffic lights at most intersections have not been working for long time. 
In addition, drivers often fail to give way to pedestrians at intersections, while pedestrians also 
fail to obey traffic regulations, and compete with motorised traffic to cross intersections. These 
problems can be associated with the heterogeneity of traffic, lack of institutional capacity, weak 
enforcement, poverty, and lack of defined urban and rural transportation policies related to 
pedestrians, which often aggravate the risk of crashes in developing countries. People cross the 
road anywhere, and pedestrians are expected on the roadway, even in midblock sections. High 
volumes of pedestrians in the road environment (parallel and perpendicular walking) are 
common because of lower motorisation levels. In contrast, studies in western countries 
confirmed that midblock pedestrian crashes were more severe than intersection crashes (Kim, et 
al., 2010; Palamara & Broughton, 2013; Rothman, et al., 2012). This is explained by the 
assertion that drivers in western countries traverse midblock sections at a higher speed (Kim, et 
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al., 2010; Palamara & Broughton, 2013; Rothman, et al., 2012), since they do not expect 
pedestrians to cross the roads. Furthermore, pedestrians in those countries are more likely to 
comply with traffic rules and have good awareness of traffic regulation.  
 
10.3.3.2 Multilane Vs Two-way roads  
The national crash data analysis suggested that two-way, two-lane interstate highway 
roads have been found to be highly associated with crashes (Tulu, Washington, & King, 2013). 
Two-way, two-lane roads make up a substantial portion of the total road network in Ethiopia, as 
in other developing countries. The higher the proportion of two-way two-lane roads, the more 
crashes could be expected to occur on that type of road in developing countries. Multilane roads 
are often provided in larger cities in Ethiopia to cater for higher traffic volume or to connect to 
interstate arterials if the traffic volume justifies the investment, however, in most African 
countries and other less developed countries there is a greater relative focus on the accessibility 
of rural communities, rather than mobility, which means/leads to lesser investment on safety 
compared to high functional hierarchy of roads. The trade-off between mobility and accessibility 
of property is shown in Figure 10-2.  
 
Figure 10- 2: Relationship of Functionally Classified Highway Systems in Serving 
Traffic Mobility and Land Access (Cirillo, 1992) 
 
Arterials 
 Higher mobility& safety 
 Low degree of access 
Collectors  
 balance between mobility, access 
and safety of road users 
 
Locals 
 lower mobility and safety 
 high degree of access 
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Road safety is a vital element in the functional classification of highways in the road 
network. Higher class roads serve for higher mobility. They are a relatively safe road 
environment as pedestrians and vehicles are mostly separated in time and space. However, the 
safety of low class roads in the hierarchy is much worse. To illustrate this, in Ethiopia, Table 1.1 
in Chapter 1 has shown that 87.11% of the current road networks are unpaved two lane roads. 
These facts suggest that the proportion of multilane roads in Ethiopia is low, which correlates 
with less crashes due to the higher safety level as well as the small proportion of these roads in 
the network. Multilane roads are also usually equipped with pedestrian crosswalk facilities as 
well as footpaths, which make them safer than two-way two-lane roads. 
 
10.3.3.3 Inadequacy of Visibility  
The poor visibility for both pedestrians and vehicles in the road environment is a serious 
problem in most developing countries. The effect of inadequate visibility on crashes with 
pedestrians in developing countries was reviewed in this study (see Chapter 4). In addition to 
this, the analysis of the injury severity of pedestrians reveals that nighttime crashes involving 
pedestrians result in a higher level of severity than daytime crashes (see Chapter 7). The problem 
of visibility is aggravated at nighttime due to insufficient or non-existent street lighting in most 
developing countries. However, drivers and pedestrians often fail to understand the extent of the 
nighttime visibility problem. Pedestrians also fail to understand the benefits of donning retro-
reflective clothing (Tyrrell, Brooks, et al., 2004). Nighttime visibility problems result in a 
considerable number of pedestrians killed and injured every year in developing countries 
(Ackaah & Adonteng, 2011; Damsere-Derry, et al., 2010; Forjuoh, 2010; WHO, 2013b). Thus, 
reduced visibility is a major factor which contributes to fatal injuries, as discussed in 10.3.6. 
Absent or insufficient street light at night is associated with poverty, which is a feature of cities 
in developing countries and a factor in increased risk of pedestrian crashes. However, light at 
night is not such a problem for developed countries as sufficient street lighting is usually 
provided. Moreover, the pedestrian volume of parallel and perpendicular walking at night are 
lower in developed countries compared to developing countries due to the higher motorisation 
level. 
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10.3.3.4 Urban Vs Rural (Countryside) Road Environment  
There are significant differences between urban and rural pedestrian crashes in terms of 
driver, pedestrian, and environmental factors. Built-up areas (cities and towns) attract more 
motorists and pedestrians. High road user crashes, particularly crashes with pedestrians, occur 
more on urban roads than rural roads in Ethiopia (Tulu, 2007). The analysis of national crash 
data over a six year period in Ethiopia (see Chapter 5) confirmed this (Tulu, Washington, & 
King, 2013). This is unsurprising as, although only 16.1% of the population live in urban areas, 
most of the vehicles in the country are operated in Addis Ababa, accounting for 77% of the total 
vehicle population (Ethiopian Transport Authority, 2013; Federal Democratic Republic of 
Ethiopia Population Census Commission, 2008; Mebrahtu, 2002). Pedestrian exposure and the 
corresponding crashes in urban road environment are high due to the complexity of the road 
environment and high-level human interaction. For instance, the road network in Addis Ababa 
constitutes not more than 5% of the country’s road network; however, recent police-reported 
crash data shows that 23.4% of injury crashes occur on the Addis Ababa city road network, of 
which most involve pedestrians (Federal Police Commission of Ethiopia, 2013). For 85% of road 
fatalities in Addis Ababa occurred on pedestrians (Mutto, Kobusingye, & Lett, 2002). The 
implication of this is that the more motor vehicles and pedestrians are in the transport system, the 
higher the number of pedestrian crashes, which is exactly as demonstrated in Addis Ababa. Thus, 
pedestrian crashes are clustered more on urban roads than in rural road environments.  
 
10.3.3.5 Speeding  
Speeding is the major risk factor for pedestrian crashes in developing countries (WHO, 
2013b). The investigation of national crash data (Chapter 5) indicates that speeding is a main 
factor for crashes in the country. Other studies also evidenced that speeding is a core factor for 
crashes involving pedestrians (e.g., Delen, Sharda, & Bessonov, 2006; Gårder, 2004). Moreover, 
the examination of injury severity in Addis Ababa (Chapter 7) suggested that speeds over 60 
km/h. increase the degree of pedestrian injury severity. Many studies around the world show 
results consistent with the findings of this research (e.g., Kim, et al., 2010; Lee & Abdel-Aty, 
2005; Zajac & Ivan, 2003). Excessive or inappropriate speeding is one of the main causes of 
pedestrian-vehicle collisions as well as injury severity in Ethiopia. 
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The transition from non-built up sections to built-up sections are problematic in terms of 
management of traffic speed. The posted speed of major trunk roads in Ethiopia is 80 km/h in 
non-built up areas and is suddenly reduced in built up areas to 30 km/h. Although the posted 
speed is 30 km/h most drivers navigate at a higher speed in rural towns and villages (see Chapter 
5). Most design guides recommend a gradual change of 20 km/h at a time over successive 
elements of road; however, the design guides in Ethiopia do not have any provision for speed 
consistency (Ethiopian Roads Authority, 2002) which results in an escalated risk of crashes into 
pedestrians (Chapter 5). Thus, the absence of proper speed management is one of the risk factors 
which heightens the exposure and risk of crashes into pedestrians. 
 
10.3.3.6 Mix of Traffic  
The research findings appear to support the contribution of mixed traffic, meaning 
motorised and non-motorised traffic using the same facilities, to crashes involving pedestrians. 
The existence of motorised and non–motorised traffic sharing the roads has an adverse 
consequence for safety. Moreover, the mix of traffic can cause delays in travel time and 
increases in travel costs, which have negative consequences for road investment due to the 
reduction in road capacity.  
 
This research also concluded that the differences in travel speeds between non-motorised 
and motorised traffic, particularly pedestrians, cycle, animal drawn carts, two and three wheelers, 
were recognised as risk factors for crashes, as the speed can vary from 5 km/h. to 80 km/h. on the 
same facility (Chapter 5). Another report showed that the same is true in low income and 
medium income countries, where a mix of traffic also increases the risk of crashes for the same 
reason (WHO, 2004). 
 
10.3.4 Research Question Three 
“How does land use planning relate to pedestrian crashes?” 
 
Land use planning is a critical factor for both the risk of crashes involving pedestrians 
and the resulting injury severity level. This factor is recognised as the main risk factor in 
pedestrian crashes, especially in less developed countries (WHO, 2013b). Chapters 4 and 5 
showed that poor land use is one of the risk factors for the occurrence of crashes with 
pedestrians. Trip production and the attraction of given zones are influenced by demographics 
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and socio-economic status, land development, and the type of development of the areas. Land 
use planning decisions can influence the motorised traffic volume and daily pedestrian volume, 
and therefore the frequency of pedestrian crashes. However, built-up areas which attract high 
pedestrian volumes, such as schools, churches, mosques and market areas, are usually located on 
major arterial roads which already have a high volume of traffic. As discussed in chapter 4, 
current land use planning practices in most developing countries, as well as in Ethiopia, are not 
directed efficiently or effectively (Tulu, Washington, King, et al., 2013), which contributes to an 
increased number of crashes with pedestrians. For instance, in Chapter 9, the presence of a public 
transport terminal in close proximity to intersections positively influences pedestrian crashes in 
Addis Ababa. These facilities attract high motorised and pedestrian volume around intersections 
which make more complex the road environment for road users in the city. Moreover, the 
segregation of land use based on income (settlement based on income) brought considerable 
variation in injury severity of pedestrians (see. Chapter 7). High income areas attract more 
citizens because of their relatively better restaurants, malls, alcohol bars and nightclubs. These 
result in high exposure to risk of fatal pedestrian crashes.  
 
The implementation of proper land use planning enhances pedestrian safety could result 
in the reduction of pedestrian crashes in developing countries, particularly in Ethiopia. This can 
be achieved by the development of high density cities with easily accessible services (work, 
school, market, etc.). For instance, the development of a mixed land use community reduces 
travel times and costs, which in turn substantially decrease the exposure to risk of crashes.  
 
10.3.5 Research Questions Four 
What are the influencing factors of pedestrian injury severity in Addis Ababa?” 
 
Chapter 7 identifies a range of variables which increase injury severity in the city. The 
probability of fatal injury for pedestrian-vehicle crashes is increased by several factors: increased 
pedestrian age, less educated and less experienced drivers, other drivers (family, friend, or casual 
drivers), nighttime (18:00 to 5:59), speeds greater than 60 km/h, trucks and buses, residential 
areas, intersections, and type of sub cities as defined in Chapter 7. This finding demonstrates that 
fatal injury of pedestrians is connected with a number of factors that escalate the degree of 
severity. However, owner drivers, non-motorised vehicles (animal drawn carts, pack animal, 
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etc.), speeds less than 60 km/h, and high school educated drivers were less likely to be involved 
in severe pedestrian crashes. 
 
The injury severity of pedestrians increases with age, as is also found in developed 
countries (Kim, et al., 2010). However, the marginal increment of injury severity of pedestrians 
in developing countries is higher at early ages compared to western countries due to the different 
lifestyles and differences in the population age pyramid. Male and older pedestrians were 
overrepresented in the severe injury category. Additionally, older pedestrians have longer 
perception and reaction times may responsible for a higher likelihood of crashes and resulting 
injuries in this age group. They are also more likely to be physically fragile, and thus less able to 
sustain the impact forces. The finding in western countries has shown a marginal effect in terms 
of gender (Eluru, et al., 2008); however male pedestrians were found to be strongly associated 
with injury severity in Addis Ababa. This can be explained by the considerable gender difference 
in participation in the economy between developed and developing countries.   
 
Another unique contribution of this study is that formal education levels of drivers were 
found to be associated with involvement in fatal crashes. The more educated drivers were less 
likely to be involved in fatal pedestrian crashes than less educated drivers. This implies that 
educated drivers were more likely to avoid hazardous crashes as they have developed better 
judgment through their formal education in the country.  
 
Also, the effect of the driver’s relationship to the vehicle, and particularly ‘other drivers’ 
(family member, friend or casual drivers) is a new insight in the injury severity investigation of 
pedestrians in developing countries. In these countries, it is common that a vehicle (passenger 
vehicle, truck, minibus or bus) is operated by two or more people per day. This is because there 
is a scarcity of vehicles, and many owners lend their vehicles to others. This practice is a unique 
characteristic of Ethiopia and other developing countries. In contrast, this problem is not reported 
in the context of developed countries. 
 
Although the majority of fatal pedestrian crashes occurred in daytime, fatal pedestrian 
crashes at night were also significant in Addis Ababa. The illumination of the road environment 
is poor, and power outages are frequent, which raises the risk of severe crashes in the city. 
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However, the provision of street light in western countries is more consistent, and the number of 
nighttime crashes is therefore relatively lower compared to developing countries.  
 
The finding in this study confirmed that involvement of non-motorised vehicles were 
associated with a lower probability of severe pedestrian injury. In developing countries, the 
compositions of non-motorised vehicles in the traffic mix are significant, and are generally 
operated at a lower speed, often less than 10 km/h. This low speed reduces the probability of 
severity injury when pedestrians are involved in non-motorised vehicle crashes. 
 
Intersections were found to be associated with fatal crashes. This is because most 
intersection locations have sight distance restriction due to out of service static signal traffic 
lights. The high pedestrian volume and lack of functioning traffic signals in Addis Ababa 
increases the number of fatal crashes. However, this finding is in contrast to findings in western 
countries, where a lower proportion of fatal pedestrian crashes occur at intersections (Chapter 7). 
This reflects the significant differences in provision and quality of infrastructure facilities in 
developed and developing countries.  
 
The police in Ethiopia are under-resourced for measuring blood alcohol concentration 
(BAC), and therefore the police crash investigation files do not show the relationship between 
weekend days and alcohol related crashes. However, weekend pedestrian crashes were found to 
be more severe than weekdays. This may be explained by increased alcohol consumption at 
weekends, but lack of data makes this hard to confirm.  
 
Finally, different income levels at the crash locations correlated with different crash 
severity levels of pedestrians. Areas with high income inhabitants are strongly correlated with 
high pedestrian injury severity levels. The main reason for this is higher rates of car ownership, 
and greater availability of bars and nightclubs which attract more pedestrians and vehicles to 
these areas. This complex land use results in an increase in the exposure to risk of crashes as well 
as the injury severity level and this is to findings in other developing countries (Atubi, 2012). In 
contrast, land uses are generally better planned and controlled in western countries, and bar and 
nightclub areas are likely to be better designed to avoid this problem. 
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10.3.6 Research Question Five 
“When do pedestrian crashes occur?” 
 
Time is an important factor which influences the occurrence of road traffic crashes. This 
research question is related to the variations in crashes involving pedestrians according to the 
time of day. The analysis was carried out based on two approaches: crash variations in frequency 
by time of day, and severity of the injuries sustained by pedestrians by time of day. A discussion 
of these two issues is below. 
10.3.6.1 Crash variation by Time of Day  
The analysis of crashes at different times of day has substantial implications for 
pedestrian safety, particularly in the implementation of enforcement. For instance, a study done 
in Kenya, Africa found that 83.7% of all crashes occurred during the day (Saidi & Kahoro, 
2001). Chapter 5 investigates crash variations in frequency by time of day in Ethiopia over six 
years. Most crashes, including crashes involving pedestrians, occur in the day time, between 6:00 
am and 7:00 pm. After 7:00 pm, the crash frequency is substantially less, as are traffic and 
pedestrian volumes (see Figure 5.1 in Chapter 5). 
 
This finding can be explained by the pattern of pedestrian volume and motorised traffic. 
An analysis of motorised traffic volume suggests that the roads experience a high volume of 
traffic volume during the day, particularly from 7:00 am to 8:00 pm, on major trunk roads in the 
country (Tulu, Washington, & King, 2013). People often start their journey to work and 
education or other secondary trips around 6:00 am, and public transport operates from 6:00 am to 
8:30 pm in Addis Ababa. In addition, trips using interstate public transport begin around the 
same time, as the current traffic regulations do not allow interstate public transport services at 
night (between 6:00 pm and 6:00 am) due to safety reasons. Most of the road networks in the 
country have never been provided with street lights, and so there is a problem with visibility at 
night. As a result, the road and transport authorities ban any public transport service during 
nighttime, in order to reduce road traffic crashes and severe injury. Likewise, the variation in 
pedestrian volume follows a similar pattern to traffic volume and a corresponding increase in 
crashes (see Chapter 5). Although the literature review confirmed that exposure variables 
(AADT and daily pedestrian volume) have a non-linear relationship with pedestrian crashes, it 
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can be concluded that an increase or decrease in exposure has a direct effect on the frequency of 
pedestrian crashes.  
 
10.3.6.2 Pedestrian Injury Severity by Time of Day in Addis Ababa 
The findings on injury severity suggest that severe pedestrian injury often occurs at night, 
which is likely due to lack of visibility and excessive speeding at night. The current study 
confirms that night time crashes involving pedestrians are more likely to result in severe injury in 
Addis Ababa (Chapter 7). Inadequate visibility at night plays an important role in this. The street 
lighting conditions of most road environments in Ethiopia are poor, as there is either no lighting 
provided, or the provided illumination is insufficient to perceive the risks of crashes, such as in 
Addis Ababa. In recent years Ethiopia has experienced considerable development and expansion 
of heavy industry, which has increased the demand for electricity. This increased demand often 
exceeds the limited capacity for production and distribution of the existing electricity 
infrastructure. This energy demand and supply problem in the country is reflected in the road 
environment in the form of unreliable lighting, which in turn raises the average severity level of 
crash injuries. 
 
The analysis of the injury severity of pedestrians involved in crashes in Addis Ababa 
suggests that pedestrian injury severity is heightened at night (6:00 pm to 5:59 am). The night 
time crashes are often associated with a combination of other factors, such as alcohol 
intoxication while driving or walking, and speeding, as vehicle and pedestrian densities are low 
at nights, allowing drivers to navigate at a higher speed. This finding supports the 
implementation of enforcement countermeasures at nighttime. Currently, nighttime traffic 
enforcement is rare, but this may need to be developed in the future. Although the pedestrian 
injuries are disproportionately more severe when it is dark, it has been difficult to quantify the 
effect of inadequate visibility on pedestrian injury severity in Addis Ababa.  
 
The laws banning alcohol impaired driving are not enforced in Addis Ababa, as police 
are not equipped with the necessary instruments, and as a result, the extent of the drink driving 
problem is unknown (Abegaz et al., 2014). Drink driving could be one of the reasons for more 
severe crash injuries in the country, but requires further investigation to identify the magnitude of 
its effect, particularly at night. In western countries, however, there is often relatively strict 
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enforcement of drink driving laws, which has the effect of substantially reducing crash risks 
related to alcohol (Jia, Fleiter, et al., 2013; Jia, King, et al., 2013). 
 
Therefore, the finding of this study is that darkness or impaired visibility at night is a risk 
factor for the increased severity of pedestrian crash injuries in Addis Ababa. Speeding, alcohol 
impaired driving and walking, driver and pedestrian fatigue, and inattentiveness are also 
correlated but not proven to be direct contributing factors. The lack of enforcement of drink 
driving laws may also be a source of risk.  
 
10.3.7 Research Question Six 
“What are the demographic and socio-economic characteristics that positively contribute 
to pedestrian crashes?” 
The demographic and socio-economic characteristics were analysed in Chapters 4, 5, 7, 8 
and 9. These factors, classified as gender, age, education and type of sub cities in Addis Ababa, 
are discussed below. 
 
10.3.7.1 Gender of Pedestrians 
The risk of pedestrian-vehicle collision varies with the gender of pedestrians. As 
evidenced by the findings in chapter 5, male road users are disproportionally represented in fatal 
and injury crashes in Ethiopia (Tulu, Washington, & King, 2013). The analysis indicates that 
male crash fatalities account for 78 percent of the total crash fatalities in the country. Studies 
carried out on two-way two-lane rural roads and modern roundabouts have shown that male 
pedestrian crossing volume is substantially greater than female crossing volume in Ethiopia (see 
Chapters 8 and 9) which means that male pedestrians generally have a greater exposure to risk 
than females. The risk of crashes according to gender per year, as well as per 100,000 
inhabitants, differs significantly due to the gender difference in participation in the economy in 
the country. Similarly, male pedestrians were overrepresented in injury severity. A study done in 
Ethiopia showed that gender differences are reflected in many different aspects of life, including 
literacy, number of trips per day, educational attainment, and work status (Ethiopian Society of 
Population Studies, 2008). The differences in economic participation between the genders lead to 
a difference in the number of trips taken in a road environment per day, which results in a 
difference in exposure to risk of crashes. This differs from findings in developed countries, 
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where male and female participation in the economy is generally more equal. This is a significant 
difference between developing and developed countries. 
 
10.3.7.2 Driver and Pedestrian Age 
In chapter 5, the age distribution of drivers involved in injury crashes was analysed and it 
was found that drivers aged from 18-30 were involved in 45% of crashes in Ethiopia over a six 
year period (2005-2010), followed by 31-50 year old drivers (35%). Almost 80% of crashes in 
this period involved persons in the 18-50 age group.  
 
With regard to pedestrian age, this investigation of the injury severity of pedestrians 
shows that the risk of severity rises as pedestrian age increases (Chapter 7). Increasing age 
generally leads to a decline in physical capacity, and sensory, physical and cognitive abilities 
may deteriorate. Pedestrians in this age group are more likely to walk more slowly, which leads 
to more time taken crossing roadways, increasing the chance of a crash. Similarly, Oxley et al. 
(2005) found that a decline in cognitive abilities reduces pedestrian safety, in a study that looked 
at how cognitive decline and impairment are associated with the safety of older pedestrians. A 
number of studies have also reported that older pedestrians are more likely to engage in risk 
taking behaviour when crossing roads (Charlton et al., 2006; Oxley, et al., 2006).   
 
The physical strength of older pedestrians is also a factor in increasing pedestrian injury 
severity in Addis Ababa. Whereas, younger pedestrians can sustain a certain level of impact 
force and recover from injuries relatively quickly, this is not the case with many older 
pedestrians. Figure 7-2 depicts how the increase in age of pedestrians affects the likelihood of 
injury severity substantially. This implies that the ability to sustain a certain level of impact force 
differs according to age, and thus older pedestrians are disproportionally represented in statistics 
for severe injuries in the city.  
 
Older pedestrians have an increased risk for both crashes and severe injury, and therefore 
their safety needs to be considered by the Road and Transport Authorities in Addis Ababa. 
However, the current Ethiopian Road Authority design guide does not consider the needs of 
older pedestrians or disabled citizens. In addition, the safety education and enforcement of traffic 
regulations are generally poor, which makes it difficult to foster pedestrian safety. Thus, a sound 
transportation safety policy is required to protect these more vulnerable groups. The needs of 
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older road users are often more carefully considered and allowed for in the provision of 
infrastructure in developed countries, resulting in a safer environment. In this regard, substantial 
works are needed in most less developed countries. 
 
10.3.7.3 Education level of drivers  
This study confirms that less educated drivers accounted for 58.5% of crash fatalities 
over a six year period (see Chapter 5). Furthermore, the analysis of injury severity of pedestrians 
in Addis Ababa suggested that less educated drivers were involved in more severe injury crashes 
than more educated drivers (see Chapter 7). This suggests that a revision of current licensing 
practices may be needed, as many illiterate people find employment as professional drivers, 
which may heighten the risk of pedestrian-vehicle collisions in the country. 
 
10.3.7.4 Income of inhabitants 
The analysis of pedestrian injury severity revealed that the characteristics of the 
inhabitants of an area influence pedestrian injury severity in Addis Ababa. In relative terms, the 
sub-cities in which crashes involving pedestrians occurred were classified as low income, 
medium income, and high income areas, according to the average income of the inhabitants. (see 
Chapter 7). The developed model suggests that more severe pedestrian injuries occur in areas 
where the average income of the inhabitants is high, followed by medium income areas. As 
previously mentioned in Chapter 7, areas that have inhabitants with high incomes are more likely 
to have more car ownership, higher traffic volumes and higher availability of bars and night 
clubs, while medium and low income areas have medium and low levels of these features, 
respectively. Thus, crashes involving pedestrians and injury severity correlate with the income of 
the inhabitants of the area, which is likely due to the increased traffic volume, and higher 
availability of bars and night clubs. In contrast, in the United States, studies have revealed that 
low income groups, such as African and Hispanic Americans, are disproportionally highly 
represented in crashes involving pedestrians (Chang, 2008; Donroe, Gilman, Brugge, 
Mwamburi, & Moore, 2009). Although low income inhabitants were overrepresented in the 
crash statistics in the United States, these findings are not comparable with Ethiopia because of 
the great differences in level of development. In developed countries, low income groups often 
still have high levels of car ownership; however, in developing countries and in particular 
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Ethiopia, car ownership may reflect the difference in income level among the citizens as 
considerable part of the nation live below poverty line. 
10.3.8 Research Question Seven 
“How do pedestrian behavioural characteristics, like risk-taking behaviour, influence or 
contribute to pedestrian exposure to crashes?” 
 
The findings of this research suggest that pedestrian behavioural characteristics 
contribute to crash risks. Illegal crossing of roads is a critical issue in Ethiopia. For instance, the 
Addis Ababa ring road is a fully access-controlled road; however, residents along the ring road 
cross the road illegally by jumping over the barriers. This is particularly surprising considering 
that pedestrian overpasses designed to help them cross safely are located every 500 meters (Tulu, 
Washington, King, et al., 2013). In addition, hawkers are a major problem for pedestrian safety 
in the city, and many studies have noted the problem of hawkers in less developed countries 
(Bhardwaj, 2010; Damsere-Derry, et al., 2010; Donroe, Tincopa, Gilman, Brugge, & Moore, 
2008; Tulu, Washington, King, et al., 2013).  
 
As a result of the high level of illegal and unsafe crossing, midblock section crashes were 
found significant in the country (see Chapter 5). The findings confirm that most roadways in the 
country are shared environments for both motorised traffic and pedestrians. It can be justified 
that most road users in Ethiopia and developing countries do not comply with traffic regulation 
due to a lack of awareness caused by a lack of formal or informal road safety education. This 
problem of illegal crossing needs a long term strategy in formal education, as well as public 
safety promotions, campaigns and enforcement. For instance, education and strict enforcement 
for pedestrians could resolve this problem (see details of the three E’s standard countermeasure 
in Section 10.3.9 and Chapter 5). In contrast, the problem of illegal crossing is not such a serious 
problem in high income countries compared to Africa (WHO, 2013a). 
 
10.3.9 Research Question Eight 
“What are the potential solutions to reduce the incidence of pedestrian crashes?”  
 
The standard way of proposing countermeasures for crashes involving pedestrians is 
using the ‘three E’s’, i.e. engineering, education, and enforcement. Best-practice remedial 
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measures to reduce crashes with pedestrians were proposed in Chapters 4, 5, 7, 8 and 9 of this 
research. 
 
10.3.9.1 Engineering  
 
In terms of engineering measures, the main countermeasures proposed in Chapters 4, 5, 
7, 8 and 9 are the separation of pedestrians from motorized traffic by providing footpaths, 
provision of median and pedestrian refugee island, low cost countermeasures (e.g.  advance 
warning signs and road markings), push button pedestrian traffic signals, separation of non-
motorized and motorized traffic both hard-scape and soft-scape measures, introducing tie vehicle 
standard and crashworthiness on commercial vehicles (e.g. trucks, buses and mini-buses), 
improving visibility by assuring adequate street lighting, discouraging presence of a public 
transport terminal beside the roundabout, reducing the gradient of approach roads of roundabout, 
keeping lane width standard to 3.5 meters, providing rumble strips on age roads and introducing 
land use planning. The discussion each engineering remedial measures were carried out based on 
their importance in terms of economic benefits, efficiency and effectiveness to the road safety of 
Ethiopia.  
 
Low cost countermeasures are important remedial measures of the road safety in 
Ethiopia. Traffic control devices such as rumble strips, speed humps, marked crosswalks; traffic 
signs and markings are good, low cost countermeasures to optimize the safety of pedestrians. 
Rumble strips are useful measures to alert drivers about a change on road environment which 
may need to make a change the driving operation. Regarding traffic signs and markings, they 
provide relevant information to the drivers to control the navigation, which results in reduction 
of crashes, in particular crashes with pedestrians. Installation of studs at the edge and center of 
the road may help drivers with lane discipline. Low cost engineering measures contribute to the 
reduction of drivers’ errors by warning, informing and guiding drivers. The initial investment 
cost may be affordable and applicable easily in Ethiopia. Low cost engineering measures should 
be accompanied by education and enforcement (see Chapter 4 and 5). 
 
A reduction in the travel speed of motor vehicles is another factor that needs close 
management (see Chapter 7 & 5) particularly in built-up areas where the interaction of road users 
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is significantly high. This remedial measure is well practiced and performed in western 
countries, particularly in school and residential areas. However, in Ethiopia, urban residential 
areas, towns and villages are crash-prone areas (see Chapter 5), as speed limits are often violated 
due to the lack of strict enforcement. Thus, implementing and enforcing a lower speed limit 
would substantially contribute to a reduction in crashes with pedestrians, particularly in areas 
which have high pedestrian volumes. 
 
Pedestrian safety fences provide protection for pedestrians, particularly intersection areas. 
These fences not only guide pedestrians to walk on the dedicated pedestrian facility, but also 
protect them from out-of-control vehicles, as well as reducing the tendency of midblock 
crossing. This remedial measure may be useful to many developing countries, particularly on 
roads with high pedestrian volumes, as it is a low cost remedial measure. 
 
The provision of raised median and pedestrian refuge island have proven pedestrian 
safety benefit in Ethiopia (see Chapter 5, 7 and 9). This study suggested that the provision of 
raised median and pedestrian refuge island assist pedestrians to wait for a gap in the traffic so 
that they can cross safely. However, the current design practice of two-way two-lane roads 
challenges pedestrian safety. Revision of design manual should consider incorporating median 
and pedestrian refuge island in place where pedestrian and vehicular volumes are significant.  
  
 Pedestrian crashes increase as lane width narrows on two-way two-lane rural road in 
Ethiopia (see Chapter 8). Moreover, 57% of the crashes occurred on this type of road over a six 
year period (Chapter 5). In developed model, a 1 meter increase in the lane width decreases 
pedestrian crashes by about 2.44 units on average and other things being constant. This 
parameter may need a relaxation to reduce pedestrian crashes which is often practiced from 3 to 
3.5 meters. The implementation of this countermeasure is most probably to be incorporated 
during new construction or upgrading road project by keeping lane width standard to 3.5 meters. 
This may also need an amendment of practitioners ‘road design manual. This countermeasure is 
intended to reduce the frequency of pedestrian crashes. 
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This study also identified the relationship between footpaths or unpaved shoulders and 
pedestrian crashes (see Chapter 4, 5, 7, 8 and 9).  The study suggested that footpaths and 
unpaved shoulders reduce pedestrian crashes by separating pedestrians and vehicles in space. 
The two-lane two-way roads that exist or may be constructed in future in cities like Addis Ababa 
may need to incorporate footpaths. This is because the pedestrian volumes are high and majority 
of the citizens use walking mode of transportation.   
 
Improving the visibility of pedestrians is another vital part of the countermeasures as 
most severe injury crashes in Addis Ababa occurred during night time. Street lighting in road 
environments is a critical problem at night in most of developing countries, including Ethiopia, 
due to power shortages (Engida, Tsehaye, & Tamru, 2011). In addition, the illumination 
provided in towns and cities is often insufficient. However, the possibility of implementing this 
countermeasure in the short term is doubtful. It is proposed that this remedial measure be 
considered in long-term planning in conjunction with developing more energy sources. The 
mega-dam (the Blue Nile dam) is currently under construction (Hammond, 2013), and will 
alleviate the acute power problem in the country, as well as allowing export of excess electricity 
to the neighbouring countries. 
 
Chapter 9 of the research identified that an approach road gradient at roundabout 
influences the occurrence of pedestrian crashes. More importantly, a roundabout approach road 
design in Ethiopia need proper attention and the current practice requires revisiting. The practice 
in western countries may help the country on how the roundabout design influences approach 
road speed. Also, having a high volume of old vehicles on the road may need to be taken into 
account in establishing roundabout geometric design standard. Moreover, the presences of raised 
splitter island and median at approach road of roundabouts have a positive contribution to 
pedestrian safety. Thus, the regulatory authority may need to consider having a raised median at 
the intersection legs with the intention of protecting pedestrians safely by managing the two 
direction traffic properly. Furthermore, this implies that the installation of appropriate pedestrian 
crossing facilities with a raised media would eventually reduce pedestrian exposure and crash 
risk at roundabout. 
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The separation of entry and exit of public transport terminal from influence area of 
roundabout may contribute towards the reduction of the intensity of pedestrian-vehicle conflicts. 
Also, equipping the pedestrian sidewalks with appropriate fences along approaches of a 
roundabout may protect pedestrians from dangerous movement or crossing on and around 
Central Island, which in turn may end up reducing high conflicting locations (ref. Chapter 9). 
 
To address the problem of the average age and roadworthiness of vehicles, the 
government should encourage owning new vehicles by providing tax incentives. This strategy 
may be one to consider for most African countries, as the proportion of old vehicles is significant 
throughout the continent. Maximum limits of the number of years in service (useful life) of 
commercial vehicles (truck, buses, and minibuses) may also be helpful, as they generally drive 
long distances each day. Moreover, introducing tie vehicle design and crashworthiness 
contributes to the protection of a pedestrian pre-crash and during the crash event. Thus, the 
import regulations of vehicles should take into account the frontage design and crashworthiness 
of vehicles for improving pedestrian safety in developing countries (see Chapter 4). 
 
Land use planning may also help in minimize the exposure risk of pedestrian trips but it 
needs a long-term commitment to do so. Land use planning for pedestrians would locate home, 
work places, schools, and markets within convenient walking distance of each other, which 
would promote walking as the better mode of transport to access these facilities. Integrated land 
use planning reduces travel demand and creates a safer road environment for vulnerable road 
users. In Ethiopian, as well as in other developing countries, the land use and transportation 
planning concepts have not been well developed. Hence, land use and transport planning could 
potentially be implemented in future to reduce the exposure to crash risk in major cities. 
 
10.3.9.2 Education 
Education is one of the components of the countermeasures which effectively target 
pedestrians as well as drivers. Chapters 4 and 5 proposed that driver education and training could 
also help in reducing crashes with pedestrians (Duperrex, Roberts, & Bunn, 2002; Tulu, 
Washington, & King, 2013; Tulu, Washington, King, et al., 2013). In addition, education and 
campaigns complemented by enforcement are the most effective way to reduce crashes with 
pedestrians in developing countries (Tulu, Washington, King, et al., 2013). Other reports also 
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support these remedial measures (Davis & Quimby, 2003; Duperrex, Roberts, & Bunn, 2002; 
King, et al., 2009). Increasing pedestrian awareness of traffic rules would contribute to the 
reduction of the current high rate of crashes involving pedestrians. Raising traffic safety 
awareness could also be made part of formal education.  
 
The problem of inadequate visibility can also be tackled by raising awareness and 
education. Pedestrians should be advised to wear retro-reflective materials which can easily be 
attached to the back, chest, or legs of pedestrians. This could be complemented by the provision 
of those materials by the Road Transport Authority and National Safety Council. 
 
10.3.9.3 Enforcement 
Engineering and education countermeasures should be supplemented by enforcement, as 
road users are expected to respect and comply with traffic regulations. However, the traffic 
police in Ethiopia lack the necessary training, and may be under-resourced to implement the 
traffic regulations efficiently and effectively. To address this, the capacity of traffic police should 
be strengthened by providing tailor-made training (Tulu, Washington, King, et al., 2013). 
Second, alcohol and drug testing instruments, speed radars, and handheld GPS devices are 
required, at a minimum, to increase the capacity of the enforcing body. Finally, the traffic police 
should also reduce the time spent on regulating traffic and focus more on the enforcement of 
traffic regulations. Alcohol and drug testing of drivers is never implemented, although the 
country’s traffic regulations do have a provision against drink drivers (WHO, 2013a). Thus, strict 
enforcement of these regulations (Alcohol and drug impaired driving) should be given emphasis 
and priority. It is also recommended to establish a task force that addresses enforcement issues 
targeting illegal crossing, vehicles not giving priority to pedestrians, and similar offences, in 
Ethiopia as well as in other developing countries. 
 
10.3.9.4 A combination approach  
The provision of pedestrian facilities can go together with strict enforcement and mass 
education. The difficulty with an enforcement approach on its own is that there are many places 
(easily found in Addis Ababa) where crossing illegally is the only way to cross the road at all 
(Tulu, Washington, King, et al., 2013). This suggests that infrastructure provision and 
enforcement go together. It has also been suggested that a combination of education and a 
campaign for enforcement may bring a paradigm shift in the behaviour of pedestrians (Tay, 
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2005), and this also has implications for infrastructure, since the provision of overpass and 
underpass facilities should be undertaken while in the context of public acceptance through 
education. 
 
10.3.10 Comparison of pedestrian crash models between developing and developed countries 
Road safety in developing countries is so complex compared to developed countries 
because they differ significantly in terms of site characteristics, enforcement, and operational 
characteristics of roadways. These differences are reflected in the development of the crash 
prediction model. 
 
The main intention of this section is the comparison of models developed on two-lane 
two-way rural roads between developed and developing countries (e.g. Ethiopia). Model 
comparisons were also carried out on modern roundabouts between western and less developed 
countries. These comparisons were achieved by taking sample models available in literature 
regarding western countries and comparing them to the model developed. For instance, the TRL 
model developed (Wood, Mountain, Connors et al., 2012) for two-way two-lane roads was taken 
as an example for comparison with the model developed by this research in Chapter 8. Similarly, 
models from the US (Kentucky) and New Zealand were taken as representatives of western 
countries to compare with the roundabout models developed in this research (Chapter 9). To 
compare the models, the plot of pedestrian crash frequency vs the AADT (see Figure10.3 & 
10.4), which is a vital traffic exposure variable of roadways, was used to show the relationship 
between these two variables, demonstrating that a marginal increment in exposure would cause 
with an increase in expected pedestrian crash frequency. Moreover, the plot also reveals the 
difference in crash frequency and AADT on different road environments, enforcement and 
operational characteristics of roadways between developed and developing countries. Thus, 
pedestrian crash prediction models were used to generate estimates of the percent change in 
pedestrian crashes with different AADT decisions. These values can be used when evaluating 
alternatives. Following is a discussion of each case. 
 
10.3.10.1 Comparison of pedestrian crash models on Two-lane Two-way roads 
The comparisons of pedestrian crash prediction models on two-way two-lane roads were 
vital to understand the differences in pedestrian safety between developed and developing 
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countries. A summary of models for two-lane two-way rural roads of Ethiopia and the UK (TRL) 
were provided in Table 10-1. The models show that the relationship between AADT (main 
exposure variable) and the expected pedestrian crash count is nonlinear. 
 
Table 10- 1: Comparison of Coefficients and Variables of Pedestrian Crash Prediction Models on 
Two-lane Two-way Rural Roads (Wood, Mountain, Connors et al., 2012). 
Variables Ethiopia U.K. 
(TRL) 
Constant  3.802 -11.73 
Log of the product of daily pedestrian crossing volume and AADT 4.384  
Lane width -1.546  
Mountainous terrain 0.642  
Gravel shoulder type -0.563  
Proportion of daily pedestrian crossing volume aged below 19 years -1.581  
Proportion of daily pedestrian crossing volume who crossed in group (more 
than 2) 
-7.955  
ADT  0.777 
Length  0.687 
Estimated models RPNB NB 
 
The following variables were kept constant (see Table 10.2 ) when evaluating alternative AADT. 
Table 10- 2: Assumed Values for Variables for Pedestrian Crash Prediction Models on Two-lane 
Two-way Roads 
Variables Daily 
pedestrian 
crossing 
volume 
Lane 
width 
Mountainous 
Terrain 
Gravel 
Models 
shoulder 
type 
Proportion 
of daily 
pedestrian 
crossing 
volume 
aged below 
19 years 
Proportion 
of daily 
pedestrian 
crossing 
volume 
who 
crossed in 
group 
(more than 
2) 
Length 
(Km) 
Assumed 
value 
20,000 7 1 1 30% 10% 9 
  
The results show that the increment of AADT affects the pedestrian safety of two-lane 
roads in both developed and developing countries. However, the magnitude in rise of expected 
pedestrian crashes significantly differs between them. Although the AADT in general is the most 
influential variable associated with pedestrian crash risk (see Figure 10.3) other factors could 
also be responsible for this difference in pedestrian safety between these two groups of countries. 
The gaps between the two graphs (see Figure 10.3) of Ethiopia and UK (TRL) could be 
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explained by the following factors. First, in Ethiopia, traffic regulation enforcement is ineffective 
or weak, as traffic police are under-resourced, which might raise exposure to risk of crashes.  
 
Figure 10- 3: Comparisons AADT with Expected Pedestrian Crashes on Two-way Two-Lane 
Roads 
Reduction of speed in residential areas and yield at pedestrian crossings are not practiced by 
motorists due to the lack of strict enforcement in most developing countries. Pedestrian 
behaviour and high pedestrian volume with absence of pedestrian facilities are major factors that 
heighten the risk of pedestrian crashes. 
 
10.3.10.2 Comparison of pedestrian crash models on Modern Roundabouts among Addis Ababa, 
Ethiopia, New Zealand and Kentucky, USA 
The pedestrian crash prediction model developed for Addis Ababa, Ethiopia is compared 
with the models developed in New Zealand and the USA (Kentucky). The models are given in 
Table 10.3.  
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Table 10- 3: Comparison of Coefficients and Variables of Pedestrian Crash Prediction Models on 
Modern Roundabouts 
Variables  Estimated Coefficients 
Ethiopia (Addis 
Ababa) 
New 
Zealand  
USA 
(Kentucky) 
Constant  -9.71  3.45*10-4 -2.38 
Log of the product of major and minor road 
AADT 
0.82     
Log of average daily pedestrian  0.65    
Maximum gradient of major approach road 0.11     
Presence of raised medians on the major 
approach road 
-0.41     
Presence of a public transport terminal beside 
the roundabout 
0.50    
Presence of Schools within 100 meters radius of 
the roundabout 
-0.38    
Approach Flow  0.000067 0.15 
Pedestrian crossing   0.6  
Number of circulating lane   -1.86 
Estimated Models REP NB NB 
 
The comparison could help to determine differences of pedestrian safety between 
developed and developing countries. This comparison increases understanding about the 
additional considerations needed to improve pedestrian safety performances. To understand the 
relationship between independent variables and expected pedestrian crashes, the input variables 
such as pedestrian crossing volume per day, maximum gradient, presence of raised medians on 
major roads, and presence of a public road are assumed to be constant or unchanged (Table 
10.3), which allows the determination of determine the variation of AADT on mean pedestrian 
crashes.  
 
Table 10- 4: Assumed Values for Variables for Pedestrian Crash Prediction Models on Modern 
Roundabouts 
Variables Daily 
pedestrian 
crossing 
volume 
Maximum 
gradient of 
major 
approach 
road 
Presence 
of raised 
medians 
on the 
major 
approach 
road 
Presence of a 
public 
transport 
terminal 
beside the 
roundabout 
 
Presence of 
Schools 
within 100 
meters 
radius of the 
roundabout 
Number of 
circulating 
lane 
Assumed 
value 
20,000 8% 1 1 1 2 
 
Based on the above assumed values, Figure 10.4 shows the AADT with expected 
pedestrian crashes per year for roundabouts in Addis Ababa, Ethiopia and two western countries 
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(New Zealand and USA) (Turner, Roozenburg & Smith, 2009; Agarwal, 2011). The graph 
represents the mean pedestrian injury crashes over roundabouts of similar conditions. In the case 
of Ethiopia, the graph revealed that an increase in AADT will produce higher than expected 
pedestrian injury crashes. The gradient of the graph for Ethiopia is steeper than the two western 
countries; however, the increment is non-linear. The effects of pedestrian crashes become a more 
serious problem when the AADT increases. In future, crashes with pedestrians are likely to 
increase as the level of motorization of these countries is growing quickly. The plot also revealed 
that the expected pedestrian crashes on New Zealand roundabouts follow a similar trend to the 
USA (Kentucky). As mentioned, AADT is the main predictor of pedestrian crashes; however, 
there are many differences between western and developing countries in terms of operational 
characteristics of roundabouts as well as pedestrian and motorist behaviour and enforcement. For 
instance, on modern roundabouts, pedestrians are not allowed to cross after yield lines, but this is 
not the case in Ethiopia. Lack of circulating lane discipline among motorists is another factor. 
Activities such as hawkers on the outer circulating lane and the existence of a public transport 
terminal beside the roundabout attract high pedestrian volumes, which in turn increase exposure 
to risk of crashes with pedestrians. 
 
 
Figure 10- 4 Comparisons AADT with Expected Pedestrian Crashes on Roundabouts 
 
In conclusion, the AADT is an important predictor for crashes involving pedestrians on 
two-way two-lane roads and modern roundabouts in developed as well as developing countries. 
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Moreover, the gap between the graphs of western and developing countries can be explained by 
the differences in site characteristics, traffic operation, road environment. It can be concluded 
that there are significant differences in pedestrian safety in developed and developing countries. 
Also, pedestrian safety in developing countries is one of the most complex social problems and is 
considerably different from western countries in terms of risk factors.  
 
10.4 Implications of the Research Findings 
The findings of this study provide a deeper insight into identifying the causes and 
contributing factors of crashes with pedestrians. The research investigated the risk factors for 
crashes involving pedestrians, as well as their injury severity, at intersections and midblock, at 
different times of day, and in a variety of types of areas. These parameters yielded a considerable 
number of potentially influential factors. A sound transportation safety policy is required to 
protect these more vulnerable groups in Ethiopia and developing countries. WHO and western 
countries should be responsible for formulating policies and strategies for these countries. The 
implications of the study are here presented from both a theoretical and practical point of view.  
 
10.4.1 Theoretical Contributions of the Research 
There are numerous theoretical contributions of this study. It questioned how pedestrian 
exposure has been operationalized in the past and developed new, more relevant metrics from the 
perspective of a developing country; particularly Ethiopia. The research also discovered that 
pedestrian crash risk varies in time and space and is affected by the local culture, economy and 
standard of infrastructure both in terms of build quality and maintenance.  
 
10.4.1.1 Pedestrian Exposure  
The study postulated and confirmed that the pedestrian exposure to crash risk is different 
than in western countries due to the presence of pedestrian crowds both in urban and rural road 
environments in developing countries. In addition, road users utilise the roadways completely 
differently in developing countries compared to developed countries. For example, many 
roadways do not have footpaths and as such the paved edge of the road often becomes an 
unmarked pedestrian walkway with no delineation between vehicles and pedestrians. This 
pedestrian operating environment requires unique pedestrian exposure metrics to understand and 
appropriately model the risk of crashes. As indicated in literature review, various researchers 
have proposed metrics for measuring pedestrian exposure; however, no single method is perfect 
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and often pedestrian exposure is poorly measured. Even though pedestrian exposure methods are 
costly and time consuming, this research developed new and unique pedestrian exposure 
measurement metrics. The research also took into account the heterogeneous areas used by 
pedestrians, identifying exposure metrics for two-way two-lane roads and modern roundabouts 
which suit the Ethiopian cases in particular. The pedestrian crash frequencies were examined 
with exposure, roadway and environmental variables. The pedestrian exposure metrics resulting 
from this research are shown in Table 10.5.  
 
The empirical findings presented in this thesis provide support for the value of these 
improved pedestrian exposure metrics. Furthermore, identification of risk differences between 
groups and individuals crossing the road are significant findings of this research that lend 
themselves to theoretical consideration. Exposure to crash risk is also affected by age of 
pedestrians who cross the road, another factor that has not been addressed in depth in the 
literature. 
 
Table 10- 5 Pedestrian Exposure Metrics 
 Roadway facility  Pedestrian exposure metrics 
Pedestrian exposure 
metrics 
Two-way two-lane 
roads 
1. Log of the product of daily pedestrian crossing volume 
and AADT 
2. Proportion of daily pedestrian crossing volume who 
crossed in group (more than 2) 
3. Proportion of daily pedestrian crossing volume who 
crossed in pair 
4. Proportion of daily pedestrian crossing volume aged 
below 19 years 
 
Modern 
roundabouts 
1.Log of the product of major and minor road AADT 
2.Log of average daily pedestrian crossing volume 
 
This research identified that exposures resulting from individual crossing and group crossing 
have different effects on pedestrian safety in the context of a developing country. As reported in 
Chapter 8, compared to individual pedestrian crossing, group crossing were positively associated 
with pedestrian safety along two-way two-lane roads in Ethiopia. The finding on the effect of 
group crossing on pedestrian safety could be considered as a significant contribution of this 
research to theory because it requires explanation and may lead to predictions about the 
conditions under which the same pattern could be expected.  
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The exposure to crash risk also substantially differs across age group of pedestrians crossing the 
road. In the countryside, people of working age are more exposed to the road environment as this 
age group usually makes more trips every day, and thus are more exposed to crash risk. In 
contrast, younger pedestrians (<19 years old) are less exposed to the motorized traffic than the 
working age people as they spend most their time far from the road environment. This difference 
is expressed in the finding that the proportion of daily crossings by pedestrians aged less than 19 
years is negatively associated with pedestrian injury crashes in rural parts of Ethiopia. However, 
given the widespread experience of high crash risk among adolescents in developed countries, 
the finding raises questions about assumptions of risk based on age which have theoretical 
implications.  
 
10.4.1.2 Pedestrian Crash Risk Factors  
A significant theoretical contribution of this research is the identification of new factors 
that influence the probability of pedestrian crashes. The risk factors identified in this research are 
outlined in Table 10.6.  
 
Crash risk appears to vary significantly by gender in Ethiopia. In the context of western 
countries, there is only a marginal difference between the crash risk of male and female 
pedestrians. However, this research has identified that male pedestrians are more exposed in road 
traffic crashes in Ethiopia. It appears that there are big differences in making walking trips 
between male and female pedestrians in a developing country like Ethiopia.  
 
In Ethiopia, drivers are unlikely to give way to pedestrians at designated pedestrian 
crossings. Pedestrians also attempt to cross the road without using any designated facilities. As 
postulated from the literature review, the use of road facilities is different across road users of 
developing and developed countries. This is supported by the findings of this research. It was 
found that mid-block crashes are the dominant types of crashes in Ethiopia. This finding 
contradicts the research in western countries which reported that most pedestrian crashes occur at 
intersections. It suggests that the degree of compliance with pedestrian crossing laws, especially 
at intersections, needs to be taken into account before making assumptions about where crossings 
mostly take place. 
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Table 10- 6 Factors that influence the occurrence of pedestrian crashes 
 Analysed data  Analysis  Identified Risk factors 
Pedestrian 
Crash Risk 
Characterizing national crash 
data 
crashes by time  1.morning and afternoon peak 
hours  
2. day time 
crashes by road user 1.male pedestrians 
2.age group 18-50 
3.less educated drivers 
crashes by road 
environment 
1.midblocks 
2.paved two-way two-lane roads 
3.clustered in city and urban 
areas 
4. lack of passing lanes 
5. absence of median 
 
involvement of vehicle 
types in crashes 
 
1.truck 
2.buses and minibuses 
Review relevant factors from 
Ethiopian pedestrian context  
observation on Ethiopian 
road environment  
1 walking at night 
2.fatigue  
3.walking along road 
4.illegal crossing behavior  
5.social economic factors (poor ) 
6. alcohol intoxicated walking  
7. poor transport and land use 
planning  
8. high population growth 
9. lack of institutional capacity  
10. high population growth 
11. lack of road safety education 
12.poor enforcement of traffic 
regulation 
13.mixed traffic  
 
Modelling pedestrian crashes 
on two-way two-lane roads 
construction of random 
parameter pedestrian 
injury prediction model 
1.Narrow lane width 
2.mountainous 
3. Shoulder type: Gravel 
(negatively contribute) 
  
 
Modelling pedestrian crashes 
on roundabout 
construction of random 
effect pedestrian injury 
prediction model 
1.Steep gradient of approach road 
2.presence of public transport 
near roundabout 
 
Wider roads in developed countries are associated with higher risk for pedestrians mainly 
because of the additional time needed for pedestrian to cross the road. In the context of rural 
areas in a developing country, many pedestrians stand or walk on the pavement when footpaths 
are unavailable and while waiting to cross the road, and thus narrower roads provide less room 
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for pedestrians to walk and wait to cross. This issue has been identified by this research as it was 
found that roads with narrower lane width are positively associated with pedestrian crashes. This 
suggests that the width of the road alone should be only one factor considered, while the level of 
pedestrian usage of the road edges is another factor that requires further exploration. Since a 
gravel shoulders are associated with better pedestrian safety along two-way two-lane roads in 
Ethiopia, the presence or absence of gravel shoulders will need to be considered as part of this 
exploration.  
 
Another theoretical contribution of this research is the identification of spatial variables 
around roundabout which influence the occurrence of pedestrian crashes. The presence of public 
transport terminals in close proximity to a roundabout is quite common in many developing 
countries including Ethiopia. This kind of arrangement is likely to attract more pedestrians that 
might escalate the likelihood of pedestrian crashes at roundabouts. This research found that the 
probability of pedestrian crashes at roundabout is higher if there is a public transport terminal 
next to a roundabout. 
 
10.4.1.3 Injury Severity Risk Factors 
A variety of risk factors contribute to injury severity of pedestrians in the context of 
developing countries. In terms of the injury severity sustained by pedestrians, this research 
confirms that the type of pedestrian-vehicle collision, pedestrian demography, vehicle types, 
motorist characteristics, road characteristics, speed and land use play major roles in intensifying 
pedestrian injury severity. Table 10.7 summarizes the risk factors of pedestrian injury severity 
identified by this research. While some of the findings reinforce findings observed elsewhere in 
developed countries, the majority of them are new insights into the injury severity of pedestrian 
crashes in the context of developing countries. Some of the new variables identified by this 
research include casual drivers (family member or friends driving the vehicle on a casual basis), 
intersections, trucks, high income and middle income areas. These variables had been found to 
be associated with the increased risk of injury severity of pedestrians in Ethiopia.  
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Table 10- 7 Factors that influence injury severity of pedestrian crashes 
 Analysis  Identified risk factors  
Pedestrian injury  
severity risk 
Pedestrian injury crashes 
 in Addis Ababa 
1.increasing pedestrian age 
2.male pedestrians 
3.trucks  
4.public transport vehicles 
5.less educated drivers 
6.less experienced drivers  
7.casual drivers  
8.intersections  
9.nighttime 
10.weekends 
11.speed over 60 k/hr 
12.residential areas 
13.high and middle income inhabitants  
 
 
10.4.2 Empirical Contributions of the Research  
The study has developed a pedestrian crash prediction model on two-way two-lane rural 
roads and modern roundabouts found in Addis Ababa. These models have shown the relationship 
between the various explanatory variables and the expected pedestrian crash frequency. The 
findings of these models develop the understanding of the pedestrian safety problem from the 
perspective of developing countries. The identified explanatory variables (risk factors) in the two 
models are assumed to provide information about the occurrence of crashes involving 
pedestrians, which is often measured by expected pedestrian crash frequency with various levels 
of injury severity.  
 
With regard to rural road environments, the model comprises the following explanatory 
variables to explain crashes into pedestrians on two-way two-lane rural roads in Ethiopia. These 
include: 
• log of product of average daily volume of pedestrian crossing and AADT 
(exposure variables), 
• lane width,  
• mountainous terrain, 
• stabilised gravel shoulder type  
• proportion of daily pedestrian crossing volume by pedestrians in pairs, 
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• proportion of daily pedestrian crossing volume by pedestrians in groups (more 
than 2), and 
• proportion of daily pedestrian crossing volume by pedestrians aged below 19 
years.  
 This model is one of the unique empirical contributions of this research. These 
explanatory variables are unique and had not been applied by other researchers or studies before, 
and include the log of product of average daily volume of pedestrian crossing and AADT, the 
proportion of daily pedestrian crossing volume by pedestrians aged below 19 years, the 
proportion of daily pedestrian crossing volume by pedestrians who crossed in pairs and the 
proportion of daily pedestrian crossing volume by pedestrians who crossed in groups (more than 
2).  
 
Likewise, the development of a model for pedestrian crashes on modern roundabouts has 
shown that many independent variables are associated with expected pedestrian crashes 
frequency. The model ascertains that the following variables were found to be associated with 
mean pedestrian crash frequency. These are: 
• log of the product of major and minor roads’ AADT (exposure variable), 
• log of daily pedestrian crossing volume (exposure variable), 
• maximum approach gradient , 
• Presence of a public transport terminal beside the roundabout  
• presence of schools within a 100 meter radius, and 
• presence of raised medians or island on approach roads. 
 
Another critical contribution to the state of knowledge about pedestrian safety was the 
identification of possible risk factors contributing to crashes involving pedestrians and their 
remedial measures in less motorized countries. The findings generated by this research regarding 
identification and possible countermeasures represents progress for the pedestrian safety issue in 
developing countries, and provide a foundation for further research. 
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10.4.3 Practical contributions of the research 
The practical contribution of this study includes several recommendations for improving 
pedestrian safety. The pedestrian injury crash prediction model gives an estimate of expected 
frequency of Crashes with pedestrians; in particular, it helps researchers and professional 
engineers create highway safety improvement programs and prioritize road safety projects. For 
instance, the safety performance of similar road segments in the road network can be evaluated 
using the developed models. The models allow researchers to reduce the frequency and severity 
of pedestrian crashes by introducing the recommended measures. The development of such 
estimates of the frequency of crashes involving pedestrians is a vital component of highway 
safety on the existing road network. In addition, these models also allow designers and planners 
to select the optimal level of geometric design parameters and traffic volume to minimise the 
frequency of crashes at the planning stage of road projects.  
 
Chapter 9 identified a number of countermeasures, which contributes towards improving 
pedestrian safety at roundabouts in Addis Ababa or in any other similar cities in developing 
countries. The countermeasures are; provision footpaths and median, reduction of gradient of on 
approach roads of roundabout, the presence of fence between circulating island and footpath 
(that may enhance pedestrian safety by reducing the high pedestrian-vehicle conflicts at 
roundabouts) and relocating the entry and exist of public transport terminal (that might be done 
to reduce the influence of the roundabouts, which will significantly reduce the risk of pedestrian 
crashes). 
 
Finally, before-and-after treatments of hot spots can be evaluated using these models. The 
applied safety treatment could change the road’s geometric characteristics, the volume of 
motorised or non-motorised traffic, or other site characteristics which may affect the frequency 
of crashes with pedestrians. For instance, if there are a number of options for the treatment of a 
site, the models can be used to evaluate the effectiveness of each alternative by applying them 
before and after treatment. By doing so, the most effective treatment can be selected. 
 
The pedestrian injury severity model has practical implications for improving the road 
environment based on the findings. The provision of sufficient street lighting is a good example. 
Another implication of the model is that reducing speed limits might have additional benefits in 
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terms of reduced pedestrian injury severity. Moreover, the countermeasures of enforcement of 
traffic rules and safety education, or a combination of these, emerged from the findings, as these 
remedial strategies variables are often related to road user behaviour. 
10. 5 Strengths and Limitations 
10.5.1 Strengths of the Research 
There are number of strengths associated with this study. One of these strengths is the 
application of quantitative techniques to investigate risk factors for crashes with pedestrians and 
their severity. The study has also used both longitudinal and cross sectional data to understand 
the exposure and risk factors for pedestrian crashes.  
 
The study identified new variables that explain crashes with pedestrians. For instance, 
pedestrian crash risks differ with the age of pedestrians crossing the roads. Moreover, pedestrian 
crossing behaviour explains pedestrian exposure to crashes. Thus, the identification of these 
variables is another major strength of this research.  
 
The identified exposure variables employed in this study are a step forward in the 
investigation of pedestrian crashes in developing countries. For instance, the study identifies 
exposure variables for two-way two-lane rural roads and urban intersections.  
 
The count models developed for the prediction of pedestrian crashes on two-way two-
lane roads and modern roundabouts provide new insights for Ethiopian crash investigation, as 
well as for other developing countries. The goodness of fit of the statistical models developed in 
this study can be counted as a merit of this study, as the models are a good contribution to 
pedestrian safety in less developed countries. 
 
The model for pedestrian injury severity in Addis Ababa and the number of variables 
gives a chance to understand the related risk factors, which is strength of this study. Furthermore, 
the characterisation of national crash data also provides a view of the bigger picture. The analysis 
gives first-hand information about the motorisation level, road network characteristics, and 
population of the country. In addition, it identifies the major risk factors in relation to time, road 
users, road environment, vehicle types and collision types. 
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Finally, the research has identified a range of factors that are associated with crashes 
involving pedestrians from the literature reviewed, and assessed their potential relevance to 
Ethiopia. Some of these are risk factors for pedestrian crashes, while others are factors that 
influence the exposure to risk of crashes. The research also identifies gaps that indicate areas for 
future research in developing countries.  
 
10.5.2 Limitations of the Research 
This study also has some limitations. One of the limitations of this study is that there is a 
lack of pedestrian and driver behavioural characteristics data in the crash database. For instance, 
pedestrian fatigue information, alcohol or drug intoxication while driving and walking, 
pedestrian demand, pedestrian travel behaviour and related information are not readily available. 
As a result, this study is unable to provide an in-depth analysis of the behavioural aspects of 
drivers and pedestrians that influence the occurrence of crashes with pedestrians.  
 
Pedestrian crossing volume, estimated age of pedestrians crossing the road, and crossing 
behaviour (alone, in pairs, or in groups) was captured for a short period to represent daily 
volume. The short period count might be considered a limitation of this study, as the pedestrian 
prediction models rely on this limited data. Long duration pedestrian count is rare and systematic 
count methodology for pedestrian volume around the world (Schweizer, 2005). However, this 
research quite reasonably consider into account for long duration in capturing pedestrian crossing 
volume count compared to previous studies (e.g. Molino, et al., 2008; Schneider, et al., 2010). 
 
Another limitation of this study is that the underreporting and misclassification of crashes 
in Ethiopia impeded the investigation process. However, advanced statistical methods were 
applied in the examination of risk and exposure factors in the study. The statistical methods 
employed minimise the impact of the underreporting and misclassification of crashes. 
 
There were also time differences among data sources: there was three years of crash data 
from the Ethiopian Police Commission, the Annual Average Daily Traffic (AADT) taken from 
the Road Authority, and pedestrian crossing volume collected by the candidate. These time 
differences in capturing the data are considered a limitation of this study. 
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The research has captured pedestrian crossing volume and motorized traffic volume due 
to a lack of pedestrian exposure data. However, pedestrian exposures parallel to roadways were 
not considered in the development of models. The implication of having only crossing pedestrian 
estimates suggests that the parallel pedestrian volumes could present an omitted variable bias 
problem. However, risk of exposure along roadway and perpendicular volumes are highly 
correlated, since the pedestrians’ volume along roadways and pedestrian roadway crossing 
volume are interrelated, and thus the parameter for crossing pedestrians’ volume as exposure 
could reasonably accommodate the effect of risk exposure of pedestrians in the models. 
 
In summary, the researcher believes this study is unique due to its methodology, the 
identification of new metrics in the field, and the identification of risk factors for crashes with 
pedestrians and injury severity in the context of developing countries. However, there are also 
some limitations due to the short period of collecting the pedestrian crossing count, the lack of 
pedestrian and driver behavioural data, possible inaccuracies in the crash data, the time 
differences in the data sources, and the omission of pedestrian exposure parallel to roadways. All 
in all, the strengths of this study outweigh by far the limitations.  
 
10.6 Conclusion 
In conclusion, this dissertation has demonstrated that: 
 
Exposure and risk factors for crashes with pedestrians in Ethiopia and developing 
countries have not been researched and investigated before. Despite the high 
vulnerability of pedestrians in road traffic crashes, literature on this topic is rare, 
particularly for developing countries. As a result, the gap in research on 
mitigating crashes with pedestrians in Ethiopia had been identified. 
 
A systematic approach to pedestrian safety can involve facilitating the application 
of the Haddon Matrix and the three dimensions of road safety (exposure, risk, and 
consequences) in this research. In addition, the Haddon matrix for pedestrian 
safety in the context of developing countries was developed by identifying factors 
in each grid, which allows the policy makers and professional engineers to use 
optimal solutions.  
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The national crash analysis shows that pedestrian fatality and injury crashes are 
major components of road traffic crashes in developing countries. The age group 
between 18-50 in the country, and particularly pedestrians, were overrepresented 
in number of crashes. The crashes were clustered on paved roads, even though the 
proportion of these in the road network is very low. Motorised and non-motorised 
traffic share the roadways to satisfy their mobility needs, which in turn results in 
increasing the probability of the risk of crashes. Absence of pedestrian facilities 
like footpaths, crossing facilities, medians and safety fences are major 
contributing factors to crashes. In addition, many activities in the road 
environment, poor land use planning, and poor enforcement of traffic regulations 
may expose and aggravate the risk of crashes.  
 
Pedestrian injury severity was modelled to investigate the risk factors. Several 
factors were found to increase the likelihood of pedestrian injury severity. The 
findings evidenced that increasing pedestrian age, commercial vehicles (minibus, 
bus and truck), speeds over 60 km/h., driver relationship with vehicle, less 
educated and less experienced drivers, nighttime, weekend, location type, 
intersections, and land use, influence pedestrian fatal injury. However, variables 
that were found to decrease fatal pedestrian injury are: owner drivers, speeds 
below 60 km/h and non-motorised vehicle types. These results provide valuable 
information for the formulation of policies and strategies to promote pedestrian 
safety in developing countries. In addition, some of the variables increase the 
understanding of the risk factors for pedestrian injury severity outcomes. 
 
The model constructed on two-way two-lane rural roads considers many 
explanatory variables that explain expected crashes in developing countries. All 
parameters and their signs were logical, which is theoretically appealing. In 
addition to commonly considered traffic and geometric variables, the model 
explored new risk factors that affect pedestrian safety in developing countries. 
These include the age of pedestrians crossing roads, and pedestrian crossing 
behavioural factors such as crossing alone, in a pair, or in a group. The more 
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important findings were that the model can serve as a base model for countries 
with a similar level of development to Ethiopia.  
 
The model on modern roundabouts takes into account two explanatory variables 
(motorised traffic flow and pedestrian volume) to explain exposures to crashes 
with pedestrians at intersections. The relationship between the exposure variables 
and expected pedestrian crash frequency were non-linear. The presence of public 
transport terminals and steep approach roads contribute adversely to pedestrian 
safety. This model can also be used as a base model for similar intersections in 
developing countries. 
 
It is known that the causes of crashes involving pedestrians are very complex. 
However, the findings presented in this research provide an evidence-based 
understanding of the complexity of pedestrian-vehicle collisions. In addition, the 
study indicated a way to mitigate crashes with pedestrians in Ethiopia.  
 
10.7 Recommendations for Future Research 
Some efforts have been made to understand the risk factors for crashes involving 
pedestrians and their injury severity in developing countries. This research identified some risk 
factors that were responsible for crashes into pedestrians in less motorised countries. However, 
some factors may be yet unidentified due to a shortage of pedestrian related data. First of all, 
effort is needed to establish data of a reasonable quality to underpin the investigation of exposure 
and risk factors for crashes with pedestrians. The assurance of quality pedestrian data would 
pave the way for further examination of crashes into pedestrians. Thus, a crash data quality study 
should be given priority in developing countries, to investigate the underreporting of crashes, the 
misclassification of crash severity, and the lack of details about crash locations. 
 
In addition, the identification of the risk factors for crashes involving pedestrians also 
needs further investigation, as this research explored some of these risk factors related to crashes 
into pedestrians. The recommended additional research will enhance our understanding of the 
risk factors of crashes with pedestrians in Ethiopia as well as other developing countries. 
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Moreover, this study identified that commercial vehicles (trucks, buses and minibuses) 
were involved in major crashes. Although these vehicle types are work related and driven more 
kilometres per day compared to passenger cars, the causes of their involvement in crashes with 
pedestrians are explicitly unknown. A related area that needs further study is the injury severity 
statistics of pedestrian crashes involving trucks and buses in Addis Ababa. On the one hand, 
trucks are not allowed to operate from 7:00 am to 7:00 pm in the city. On the other hand, the 
current traffic composition includes an average of 3% trucks in the city (Ethiopia Road 
Authority, 2004). Although trucks are an insignificant proportion in traffic volume, they were 
involved in crashes that resulted in major injury severity for pedestrians. This is a paradox which 
needs further study.  
 
The capacity of pedestrian facilities has not been examined in association with crashes 
involving pedestrians before. Pedestrian crowds in developing countries force pedestrians to use 
the roadway because the pedestrian facilities lack sufficient capacity. Thus, it is advisable to 
conduct research on the capacity of pedestrian facilities in the context of the least developed 
countries. 
 
Impairment while driving and walking are not assessed in an Ethiopian context. The 
causes of impairment could include alcohol, drug, or khat ingestion, driver fatigue, or a 
combination of these factors. Enforcement of drink driving laws is currently not implemented in 
the country, since police are not equipped with alcohol breath testing instruments. As a result, it 
can be difficult to know when alcohol is a factor in crashes, and it is not included in police crash 
investigation reports. A study of driver impairment and associated factors is necessary to develop 
a more detailed understanding of the risks of crashes with pedestrians, and possible 
corresponding safety interventions. Furthermore, the consumption of khat is popular among 
professional drivers in East Africa and some Arabian countries, as it is a stimulant which gives 
drivers the ability to drive for long hours. Thus, it is recommended to study the impact of the 
presence of alcohol and khat while driving, as well as driver fatigue, or a combination of these 
factors, on pedestrian crashes.  
 
It is proven in western countries that good land use planning contributes to the reduction 
of crashes involving pedestrians (WHO, 2013b). However, land use planning from a pedestrian 
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transport point of view is limited in developing countries. The multi-transportation integration 
and land use planning are factors that require in-depth studies. Research in this area is critical, as 
walking is the major mode of transportation in developing countries. The provision of safe, 
convenient, and connected pedestrian facilities will encourage people to use pedestrian facilities 
rather than share roadways. By doing this, crashes into pedestrians could be minimized by 
reducing exposure in the city. 
 
A final recommendation for future study is to identify any best-practice, low cost 
countermeasures which suit the needs of developing countries. Research on this topic will allow 
the less developed countries to curb the current growing trend of crashes as whole and in 
particular crashes involving pedestrians. 
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